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1958 lodine Research Award 
Nominations Requested 
Prior to January 1, 1958 


Nominations are now being received by the AMERICAN PHARMACEUTICAL 
ASSOCIATION for the 1958 Chilean Iodine Educational Bureau, Inc., Award 
recognizing outstanding research in the chemistry and pharmacy of iodine 
and its compounds as applied in pharmacy or medicine. 

The award consists of $1,000 and a diploma setting forth the reasons for 
selection of the recipient. It may be presented each year at the annual 
meeting of the ASSOCIATION. 

Any member of the ASSOCIATION may propose a nominee by submitting 
eight copies of each of the publications to be considered in the competition, 
a biographical sketch of the nominee including date of birth, and a list of 
his publications. Eight copies of the nomination must be submitted to 
Robert P. Fischelis, Secretary of the AMERICAN PHARMACEUTICAL As- 
SOCIATION, 2215 Constitution Ave., N. W., Washington 7, D. C. To be 
eligible for the 1958 Award, nominations must be received on or before Janu- 
ary 1, 1958. 

A nominee must be a resident of the United States or Canada. He 
must have accomplished outstanding research in the chemistry or pharmacy 
of iodine and its compounds as applied in pharmacy or medicine. 

During the period covered by the nomination the nominee shall have 
been actively engaged in, shall have completed, or shall have published a 
report upon the line of investigation for which the award is made. During 
the period of two years prior to the date of nomination, the nominee shall 
not have been engaged in research under the sponsorship of the Chilean 
Iodine Educational Bureau, Inc. 

The recipient will be selected by an award committee which is appointed 
by the chairman of the AssocraTion’s Council. The present committee 
includes Justin L. Powers, chairman; F. F. Blicke, E. A. Brecht, John E. 
Christian, Stanley G. Mittelstaedt, Lloyd M. Parks, and Linwood F. Tice. 

The recipient will deliver a paper or lecture upon the subject of his 
scientific work at the meeting at which the award is conferred. His paper, 
or address, will then be published in the JouRNAL OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION. Travel expense to the meeting at which 
the award is to be made is provided for up to $250. 

The award is now in its tenth year. The recipient of the first award 
was Dr. William T. Salter, Yale University pharmacologist; the second re- 
cipient was Dr. George M. Curtis, Chairman of the Department of Sur- 
gical Research and Professor of Surgery at Ohio State University, and the 
third was Dr. C. P. Leblond, Professor of Anatomy, McGill University, 
Montreal, Canada. The fourth award was shared jointly by Dr. George 
Moore of the University of Minnesota Medical School and Dr. Moses 
Ashkenazy, Chief of Neurosurgery, Veterans Hospital, Houston, Tex. 
Dr. Vernon H. Wallingford, Mallinckrodt Chemical Works, St. Louis, 
Missouri, was the recipient of the fifth award. Dr. Jack Gross, Associate 
Professor of Anatomy, State University of New York, College of Medicine 
in Brooklyn, received the sixth award and Dr. Dominick Papa, Schering 
Corporation, Bloomfield, N. J., received the seventh award. The eighth 
award went to Dr. John E. Christian, Professor of Pharmaceutical Chemis- 
try, School of Pharmacy, Purdue University, Lafayette, Indiana. The 
ninth award was conferred on Dr. James O. Hoppe, Research Pharmacol- 
ogist, Sterling-Winthrop Research Institute, Rensselear, New York, dur- 
ing the 1957 Convention of the AMERICAN PHARMACEUTICAL ASSOCIATION. 
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Some Applications of an Integrating Sphere 
Reflectometer to Pharmaceutical Problems* 


By C. W. McKEEHAN} and J. E. CHRISTIAN 


An integrating sphere reflectance attachment was built for the Beckman DU spec- 


trophotometer. 


This apparatus was then applied to the problem of determining 


color stability in a bentonite base cream. Rate constants for the decrease in re- 
flectance of the cream aged at room temperature, 55°, 60°, 65°, 70°, and 75° were 
determined. A theoretical rate constant at 25° was found by use of the Arrhenius 


relation of reaction rate to absolute temperature. 


color stability at 25°. 


This value was used to predict 


Reflectance measurements were also made on coated tablets 


and powders. 


MEASUREMENTS of reflectance have 
been used for one purpose or another for 


many years, their applications to pharmacy and 
Some of 
the more recent applications of reflectometry to 
areas closely related to pharmacy include the 
grading of certain foods (1, 2), measuring the 
reflectance of human skin (3-5), and applications 
to analytical chemistry (6, 7). Theoretical as- 
pects of reflectometers and reflectometry are 
readily available in the literature (8-10). 
Recently, Garrett and Carper (11) applied 
the methods of absorption spectrophotometry 


its allied areas have been very limited. 


and chemical kinetics to predicting the color 
stability of a sulfa suspension. Since the reflec- 
tometer may be used to measure the color of 
opaque solids and semisolids, the possibility of 
employing similar methods for the investigation 


* Received May 3, 1957, from the School of Pharmacy, 
Purdue University, Lafayette, Ind 

Presented to the Scientific Section, A. Pu. A., New York 
meeting, April 1957 

+t Present address 


Eli Lilly and Company, Indianapolis, 
Ind 
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of color stability in this type of pharmaceutical 
preparation is obvious. 

The purpose of this project was: to design and 
evaluate the performance of an _ integrating 
sphere reflectance attachment for the Beckman 
DU spectrophotometer; to develop a method 
for predicting the color stability of ointments; 
and to show other possible applications of 
reflectometry to pharmacy. 


REPRESENTATIVE APPLICATIONS OF 
REFLECTOMETRY TO PHARMACEUTICAL 
RESEARCH 


Apparatus.—An integrating sphere reflectance 
attachment for the Beckman DU spectrophotom- 
eter is described in the following paragraphs. 
Basically, it is of the same design as the reflectance 
attachment for the Beckman DR spectrophotometer 
reported by Jacquez, ef al. (12). Certain modifica- 
tions were necessary because the DU is manually 
operated, whereas the DR is automatic recording. 
Instead of using the round phototube aperture de- 
scribed in (12), a 1'/, x */¢in. rectangular opening 
was cut in the side of the sphere so that the standard 
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Beckman DU phototube housing could be used. 
The automatic beam-switching mirror was replaced 
with one which could be manually operated. A 
diffusing screen made from a photoflash diffusing 
shield was inserted between the sphere and the 
phototube housing to provide more uniform illum- 
ination of the phototubes. The angle of incidence 
of the light beam on the sample and reference was 
18° instead of 16° 45’. To facilitate reflectance 
measurements on pharmaceutical semisolids and 
powders, the attachment was mounted so that one 
sample aperture would be horizontal. The sphere 
was machined as two 2'/s-in. radius hemispheres 
from aluminum bar stock. 

In order to increase sensitivity of measurement, 
a 10,000 megohm load resistor' was used. The 
inside of the sphere was coated with a 2-mm. layer 
of magnesium oxide to increase its reflection proper- 
ties. Magnesium oxide was used because it is the 
most highly reflecting substance known (13). It 
was deposited on the inner surface of the sphere by 
burning short strips of magnesium ribbon and al- 
lowing the oxide to collect on the aluminum surface. 
Details of the coating procedure may be found in 
National Bureau of Standards Letter Circular LC- 
547 (14) 

Jacquez, et al. (12, 15), have published papers on 
the theory and operation of this type of instrument. 
They have tested its performance in a number of 
different ways and report that in regions of inter- 
mediate or high reflectance, the instrument is ca- 
pable of yielding reflectance values with less than 1% 
error. Methods similar to those described in these 
papers were used in evaluating the performance of 
the attachment reported here. The collecting ef- 
ficiency? for the sphere coated with 2 mm. of MgO 
was found to be about 0.26 at 600 mg when a MgO 
reference and a sample of reflectance 0.5 were used. 
Error in measurement due to the finite size of the 
apertures and use of flat, instead of spherical sam- 
ples, was found to be approximately 0.007 for a ref- 
erence of reflectance unity and a sample of reflect- 
ance 0.5. The error due to unsymmetrical posi- 
tioning of the reference and sample apertures with 
respect to the phototube aperture was less than 
1% throughout the region from 420 to 800 mu. 
Effective band width was found to vary from 4.48 
to 4.74 my for the same range. The upper limits 
for stray light were approximately 0.005 in this 
region 

Color Stability of a Cream.—Resorsul cream* was 
used as a representative preparation. Preliminary 
experiments indicated that a color change could be 
detected by storing the cream at elevated tempera- 
tures. Figure 1 shows the change in reflectance ( R) 
of a sample aged at 65°. Plots of log R vs. time at 
20 my intervals from 700 to 800 my were practi- 
cally linear. Thus, measurement of the rate of 
color change by reflectance at several temperatures 
would permit calculation of color stability using a 
method similar to that described by Garrett and 
Carper (11) 


' Resistor normally supplied for use with Beckman flame 
photometer attachment 

? The portion of light to be measured that actually enters 
the phototube aperture 

*A grease-free, bentonite cream, containing sulfur and 
resorcinol as the primary therapeutic agents, prepared by the 
Purdue University School of Pharmacy Manufacturing Lab 
oratory 
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An experiment was designed to measure both the 
change in reflectance of Resorsul cream on aging at 
elevated temperatures and the effect of various 
concentrations of sulfur and resorcinol. The con- 
centrations of sulfur and resorcinol were varied in 
an attempt to ascertain the cause of the color in- 
stability. A series of samples containing four dif- 
ferent concentrations of both sulfur and resorcinol 
as shown in Table I were prepared. 


TasBLe I.—-AMOUNTS OF SULFUR AND RESORCINOL 
UsEpD IN PREPARING RESORSUL CREAM FOR STUDY- 
ING COLOR STABILITY 


Resor- Cream Resor- 
Sulfur cinol No Sulfur cinol 


N? 5 2N 
2N } j N/2 
N/2 N N 0 

0 


“ N stands for the normal amount specified in the Purdue 
formula. Only the amounts of sulfur and resorcinol were 
varied 


The sample containers were one-half ounce 
green ointment jars.‘ Each jar was filled 
carefully to exclude air bubbles and covered with 
a two-inch square of Saran Wrap’ before the 
cap was affixed. Samples of each cream listed 
in Table I were aged for various time intervals 
at room temperature and 55°, 60°, 65°, 70°, and 
75°. These temperatures were obtained by the 


500 600 700 800 
Wavelength (my) 


Fig. 1—Reflectance spectrum of Resorsul cream 
aged at 65° for various time intervals. R,/Rweco; 
is the ratio of the reflectance of the sample to that 
of MgCO;. R»agco; = 1. The times on the curves 
refer to aging time. 


use of constant temperature ovens. 
tures were observed to vary about +0.5° 
except the 70° temperature which varied slightly 
less than +1.0°. At selected time intervals, 10 
samples—four of cream 1 and one each of the 
other creams—were removed from each oven 


All tempera- 


* Available from Owens-Illinois Glass Company, Toledo, O 
5 A thin plastic covering made by Dow Chemical Co., Mid 
land, Mich 


No 
1 
2 
3 
4 
80 
= 
f 70 72 hws. 
60 
682 
G 4 
40 A 
80 
.20 
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and placed in a refrigerator at 7° for about one 
and one-half hours in order to quench the 
reaction. The samples were then removed and 
allowed to equilibrate at room temperature. 
Reflectance imeasurements on each sample 
were made at 700, 740, and 780 mu. 
wavelengths were chosen because this was the 


These 


region where the logarithm of the rate of decrease 
in reflectance was a reasonably linear function of 
time as shown by preliminary experimentation. 
It was also the region in which the maximum 
changes in reflectance for a given time interval 
occurred (see Fig. i). 

Preliminary examination of the results revealed 
that an exponential curve was obtained when the 
reflectance values at 740 my for cream 1 were 
plotting this 
reflectance against time on semi- 
logarithmic paper, straight lines were obtained 
as shown in Fig. 2. Each point is the mean 
four average 
derived from three readings on each of four 


plotted against aging time. By 
change in 


value of reflectance readings, 


samples of cream 1. Although the lines drawn 


for each temperature seem to have the same 


the 
not considered in 


y-intercept for a concentration, 
initial reflectance, R,, 
fitting the line to the data. Errors in starting 


the reaction at a given temperature at time 


given 
was 


zero make these points less accurate than the 
others (16, 17). 

Data for the other creams were plotted in a 
similar manner and the slope of each line was 
determined. Table II 
different creams at temperature. 
points for the samples of creams 2, 3, 


shows the slopes for 
The 
and 6 


each 


stored at 75°, and for all of cream 5 were so 
widely scattered that representative lines could 


not be drawn. ‘The data in the table show that 


the slope is independent of the initial concentra- 
tion of sulfur and resorcinol. 


II.—-SLOPES OF SEMI-LOGARITHMIC REFLECT- 
ANCE-TIME PLOTS FOR ResoRSUL CREAM AT EACH 
AGING TEMPERATURE 


Slope of Semi-log Reflectance-Time Plots? 
Cream Cream 2° Cream 3° Cream 
0.0019 
0.00070 
0 00042 
0. 00020 
0. 00006 


Temp." 


O 
O0045 
0. 00020 
0. 00009 


0 
0.00044 
0. 00020 
0. 00005 


O0050 
0.00017 
0. 00005 


@ Room temperature omitted, slope was approximately 
zero 

6 Slopes were calculated by applying the standard two 
point form of a straight line. Slopes for creams 2, 3, and 6 
at 75°, and cream 5 at all temperatures could not be obtained 
(see text). Slopes for creams 4 and 7 were approximately 
zero, indicating that there was practically no change in re 
flectance when either resorcinol or sulfur was omitted. It is 
possible that some interaction between sulfur and resorcinol 
caused the color change 

© See Table I for description. 
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Rate constants for the decrease in reflectance of 
cream 1 were calculated from the slopes of the lines 
shown in Fig. 2. The general equation for the lines 
shown here was found to be 


log R; = —kt/2.3 + log R., where (Eq. 1) 


R, = the reflectance of the sample at time ¢, k = 
the rate constant, and Ro = the y-intercept. The 
slope of the line = —&/2.3 

Figure 3 shows that the graph of log k vs. 1/T isa 
straight line which is in accord with the Arrhenius 
theory (16), which relates rate constant to absolute 


400 600 800 1000 1200 


Time (hours) 


Fig. 2—Variation of R,/Rugco, at 740 my of 
normal Resorsul cream as a function of time and 
temperature. R,/Rygco, is the reflectance of the 
cream relative to that of MgCO;. Ru»agco, = 1 
m is the slope of the line. 


10 mye 


Log Rate of Reflectance Decrease Per Hour at 


320 
1/T X 108 
Fig. 3 Plot of the logarithm of the rate of de- 
crease in reflectance per hour against the reciprocal 
of the absolute temperature (7) from data obtained 
at 740 my for the normal Resorsul cream samples 
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temperature. 
tionship is 


The equation expressing this rela- 


log k = —E/2.3 RT + log A, where (Eq. 2) 
k is the rate constant; E, the energy of activation; 
R, the gas constant; 7, the absolute temperature; 
nd A, the frequency factor. By extrapolation, the 
rate constant (&) for the rate of decrease in reflect- 
ance of Resorsul cream with time at 25° was found 
to be 6.2 KX 107 hours 

Observations on the behavior of Resorsul cream at 
elevated temperatures have shown that when the 
reflectance, R;, reaches 0.65, the cream no longer has 
a pleasing appearance. The predicted time for this 
estimated point of rejection may be found from Eq. 
1. Whea the values 6.2 X 10~'! hrs.~', 0.65, and 
0.722 were substituted into the equation for k, R; 
and Ro, respectively, ¢ was found to be approxi- 
mately nineteen years. The value R, was obtained 
from Fig. 2. It is obvious that the color of this 
preparation is quite stable. The purpose of this 
portion of the work was to illustrate the use of re- 
flectance methods in determining color stability 
and not to evaluate this particular preparation 

Uniformity of Color in Coated Tablets.—-The 
purpose of this portion of the project was to study 
a possible technique for measuring the reflectance 
of coated tablets. Such a method could be of con- 
siderable value in obtaining exact color matches 
from one batch of coated tablets to another. The 
main problem was to devise a method of reproducing 
the optical geometry for each reading 

The method developed consisted of drilling a hole 
in a MgCO, block the same diameter® as the tablet 
to be investigated and to a depth of approximately 
one-half the thickness of the tablet. After position- 
ing the block so that the hole was exactly in the 
center of the aperture, both the block and the sphere 
were marked so that the position could be re- 
produced. By measuring the reflectance of a series 
of yellow coated tablets,’ it was found that the error 
in repositioning the sample holder between each of 
15 readings caused a standard deviation in reflect- 
ance of 0.00053. Slight irregularities in tablet 
shape produced standard deviations in reflectance 
of 0.00090, 0.00085, and 0.00074 when the reflect- 
ance of three different tablets was determined 15 
times. The tablets were removed and replaced in 
the holder between each reading. Therefore, the 
errors caused by these two factors may be neglected 
for relative measurements 

To illustrate the use of reflectometry in measuring 
differences in reflectance of coated tablets, the re- 
flectances of 30 tablets from two different lots* were 
determined rhe average reflectances of the two 
lots were 0.8886 and 0.8747. Standard deviations 
were 0.0054 and 0.0058, respectively. Even though 
the difference of 1% in reflectance between the two 
visually detectable, the above 
methods did show that small differences in the re- 
flectance of coated tablets coulda be measured. 

Comparison of Color in Powdes and Granules. 
An investigation was undertaker to determine the 


batches was not 


* Less than '/« inch clearance 

Mi-Cebrin (Lilly), Lot. No. 5159-671 106 
in diameter by * » in. thick 

*“Mi-Cebrin Lilly), Lot 
NU 


One-half inch 


Nos. 5159-671106 and 2136 
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applicability of reflectometric methods to the meas- 
urement of color in powders and granulations. A 
sample of a single shade of face powder manufac- 
tured by each of three different companies® was ob- 
tained. Eight Gm. of each powder sample were 
pressed into '/,-in. thick by 1'/s-in. diameter pellets 
using a Carver hydraulic press. Reflectance meas- 
urements were made by the previously described 
methods using MgCO, as the reference with the 
sample pellet at the bottom aperture. Figure 4 
shows the variation in reflectance that was obtained 
for the three samples. Visual observation of the 


95 


600 
Wavelength 


Fig. 4— Reflectance spectra of Rachel Face Pow- 
der. 1—Woodbury, 2—-Lady Esther, Ponds 
R./Rugco, is the reflectance of the sample relative 


to the reflectance of MgCO Ruyco; = 


samples also indicated slight variation in color 
Sample 1 was observed to be darker than the others; 
while sample 3, which had a slight yellow tint, was 
the lightest in color. Sample 2 appeared to be 
bluer than the others 

To demonstrate the possibility of measuring the 
reflectance of tablet granulations, the reflectance of 
a yellow sodium bicarbonate granulation both as 
granules and as a °/j,-in. thick by 2'/,-in. diameter 
pellet was determined. It was found that the re- 
flectance spectrum for the pellet was 5 to 15% 
higher than that for the granules. This would 
seem to indicate that the reflectance of the granula- 
tion was somewhat dependent on the density of the 
sample. 

The above examples clearly demonstrate the ap- 
plication of reflectometry to measuring light re- 
flected from various types of pharmaceuticals. 
These techniques should prove applicable to prob- 
lems of color control, matching and stability in 
opaque solid and semisolid pharmaceuticals. 


SUMMARY AND CONCLUSIONS 


1. An integrating sphere reflectance attach 
ment for the Beckman DU spectrophotometer 
has been designed for the purpose of studying 


applications of reflectometry to pharmaceutical 


research. 


2. The apparatus has been used to measure 


* “Rachel” face powder made by Lady Ester, Ponds, and 
Woodbury 
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the decrease in reflectance with time of a cream 
aged at room temperature and 55°, 60°, 65°, 
70°, and 75° as an example of its use in determin 
ing color stability of opaque solids and semisolid 
pharmaceuticals. 

3. Rate constants for this decrease in reflect 
ance were obtained from the slopes of lines 
plotted for each temperature. Using the Arrhen- 
ius relation of rate constant to absolute tempera- 
ture, the 25° rate constant was found by ex 
trapolation of a plot of log & vs. 1/T. This 
value of & has been used to predict the color 
stability of a representative cream. 

4. Reflectance of 
investigated. A 


coated tablets has been 


method for accurately re- 
producing the optical geometry for each reading 
has been described. An example showing the 
use of these methods for the measurement of 
small differences in reflectance of coated tablets 
was given. 

5. The possible application of reflectance 
measurements to color control in powders and 


ScIENTIFIC EDITION 


635 


granules has also been studied using face powders 
and a sodium bicarbonate tablet granulation as 
examples. 
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Aqueous Oral Preparations Containing Ascorbic Acid, 
Vitamin B,,, and Ferrous Gluconate* 


By C. F. GERBER, C. P. HETZEL, O. KLIOZE, and A. F. LEYDEN 


Ascorbic acid, vitamin By», and ferrous gluconate, although mutually incompatible, 
may be compounded into stable, aqueous oral preparations by using commercial 


70 per cent sorbitol solution as a vehicle. 


Data are presented showing the stabiliz- 


ing effects of sorbitol in two formulations containing ascorbic acid, vitamin By, and 

ferrous gluconate, and in a multivitamin formulation from which ferrous gluconate 

was excluded. Stability of these products is attributed specifically to their sorbitol 
vehicles. 


Ao ACID, Vitamin By, and ferrous iron 

mutually incompatible. The 
incompatibility of vitamin Bj. with ascorbic acid 
Complete loss of 
cyanocobalamin and ascorbic acid, for example, 


salts are 
in aqueous solution is extreme. 


was observed in an aqueous solution stored for 
five weeks at 25°. Similar studies (1—3) of such 
solutions have emphasized the serious nature of 
the vitamin B,»-ascorbic acid incompatibility, 
although activity loss was not as marked. 


* Received May 18, 1957, from Chas. Pfizer & Co., Inc. 
Brooklyn 6, N.Y 

Presented to the Scientific Section, A. Pu. A., New York 
meeting, April-May, 1957 

The authors wish to thank Miss Carlotta Ma’‘arop and 
Mrs. Imbi Truumees for technical assistance in preparing 
solutions and Miss Mary Regulski and Miss Joy Buckley for 
performing assays 


The incompatibility between ferrous iron salts 
our 
studies an aqueous solution (pH 4) of eyanoco- 


and vitamin By is less pronounced. In 


balamin and ferrous gluconate lost 25 per cent of 
its vitamin By activity after five weeks’ storage 
at 37°, 44 per cent after three months’ storage 
and 96 per cent after nine months’ storage at 
room temperature. Another aqueous solution of 
ferrous sulfate and cyanocobalamin showed 55 
per cent loss of vitamin By» activity after 5 weeks’ 
storage at 37°. 

While the destructive action of iron salts on 
ascorbic acid is generally known, little has been 
reported concerning the extent of this incompat- 


ibility. Ferric iron salts cause more destruction 
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than ferrous iron salts, but both are extremely 


deleterious to vitamin C in aqueous solution. A 
solution of ascorbic acid and ferrous gluconate, 
adjusted to pH 4.2 and stored for two weeks at 
37°, lost 28 per cent of its activity, whereas a 
which contained an 
equivalent amount of iron in the form of ferric 


corresponding solution 


ammonium citrate lost 61 per cent activity 
After four weeks’ storage at 37° both solutions 
showed an 82 per cent loss of activity. 

Investigations in our laboratories were directed 
toward preparing practical aqueous dosage forms 
containing vitamins By. and C. The effect of 
ferrous gluconate on stability of the vitamins was 
also considered. 

Initially, the relationship of low water content 
of such preparations to stability of the vitamins 
was studied. Multivitamin solutions were pre- 
pared using aqueous glycerin (67-70 per cent 
glycerin) as a vehicle. These formulations were 
not satisfactorily stable as will be discussed later. 
Furthermore, liquid formulations containing high 
concentrations of glycerin are quite unpalatable. 

Attention then turned to 70 per cent sorbitol 
solution as a vehicle for preparations of this type. 
Commercial sorbitol solution (Sorbo®)' has a low 
water content and possesses a pleasant, sweet 
taste. It was found that use of 70 per cent 
sorbitol solution, either alone or with glycerin, as 
a vehicle for oral liquid products containing 
ascorbic acid, vitamin By, and ferrous gluconate 
circumvents the mutual incompatibilities of this 
combination. 

Two formulations containing this combination 
and a multivitamin liquid, which does not include 
ferrous gluconate, are discussed here. The com 
position of these products is given in Table I. 


EXPERIMENTAL 


Formulation A (Hematinic).—The hematinic 
preparation was the simplest of the three prepara 
tions. It contained ferrous gluconate, vitamin B,.’, 
and ascorbic acid; 70% sorbitol solution alone was 
used as the vehicle 

The ferrous gluconate was dissolved in the 70% 
sorbitol solution at 70°. The temperature 
dropped to 45° and the ascorbic acid was dissolved 


was 


The solution was cooled te room temperature and 
the vitamin B, added rhe 
finally adjusted to pH 4.0 with sodium citrate and 
flavored 

Formulation B (Multivitamin Drops).-The 
multivitamin drops contained no iron salt because 
of the high concentration required for adequate iron 
dosage in 0.6 cc. and because of incompatibility 


was solution was 


Registered trade-mark, Atlas Powder 
mington, Del 
Vitamin Bir used in this study was Cyanocobalamin, 


U.S.P. XV 


Company, Wil 
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with vitamin A. This dosage form contained vita- 
min By and ascorbic acid, with vitamins A and D 
and B-complex vitamins. The vehicle 
posed of three volumes of 70% sorbitol solution and 
one volume of glycerin 

The niacinamide and_ riboflavin-5'-phosphate 
sodium were dissolved in 70% sorbitol solution at 
5°. This temperature maintained and the 
ascorbic acid was dissolved. The rest of the B- 
vitamins, including vitamin By, were dissolved in 
this solution at room temperature 

Vitamin A Palmitate for Aqueous Dispersion 
(Vapad®, Pfizer) and vitamin Dz, in corn oi) were 
mixed and diluted further with a small amount of 
corn oil. This oil solution was then used to form a 
primary emulsion according to the National For- 
mulary X method for cod liver oil emulsion. One 
part of powdered acacia (by weight) was dispersed 
in four parts of oil solution containing vitamins A 
and D. Two parts of 70% sorbitol solution (by 
weight) were added quickly and emulsification was 
accomplished using a Waring Blendor 


was con 


was 


TABLE I 


Formulation A (Hematinic); Dose = 5 cc. 


Concen / Dose Conen. / cc 
Vitamin By, meg 2 0 
Ascorbic acid, mg. 100 20 
Ferrous gluconate, mg S85 17 
Vehicle: Sorbo; 

flavors; pH, 4.0 


Formulation B (Multivitamin Drops) 
Dose = 0.6 cc. 


Vitamin By, meg 

Ascorbic acid, mg. 

Vitamin A, units 

Vitamin D, units 

Thi unine hydrochloride, 
mg 

Riboflavin,” mg. 

Pyridoxine 
hydrochloride, mg 

Niacinamide, mg 

Panthenol, mg 

Vehicle: Sorbo, 75 
(v/v); glycerin, 
(v/v); acacia, 4 mg 
ce.; corn oil, q.s.;_ fla- 
vors; pH, 4.04.5 


10 cc. 


Vitamin By, meg. 5 
Ascorbic acid, mg. 100 
Ferrous gluconate, mg. 60 
Liver fraction 1, mg. ao 
Folic acid, mg 0.3: 
d-Amphetamine sulfate, 

mg 
Methyl testosterone, mg 
Ethinyl estradiol, meg 
Vehicle: Sorbo, 67.5', 
(v/v); glvcerin- 
CMC,* 22.5% (v/v); 
ethanol, 10°, (v/v); 
flavors; pH, 4.04.2 


Formulation C (Tonic); Dose = 


* Registered trade mark, Atlas 
mington, Del 
As ribofiavin 5’-phosphate sodium (riboflavin-5’-phos 
phate ester monosodium salt dihydrate, Pfizer 
Registered trade mark Hercules Powder Company 
Wilmington, Del; 2°) solution of sodium carboxymethyl 
cellulose 70 Premium-Low in glycerin 


Powder Company, Wil 


1 1.67 / 
83.3 
5,000 8,333 
1,000 1,667 
l 1.67 
l 1.67 
1.67 
Ww 16.7 
2 3.33 
0.5 
10 
6 
5 
0.083 
0.2 
0.2 
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26 
TIME (WEEKS) 
Fig. 1 Formulation A—Stability of vitamins Bie 
and C at 25° and 37 


he primary emulsion was then gradually diluted 
under gentle agitation with the 70% sorbitol solu- 
tion containing the vitamins. The 
solution was then adjusted to pH 4.0-4.5 with so- 
dium citrate and flavored. The glycerin was added 
as the final step 

Formulation C (Tonic).The tonic contained 
ferrous gluconate, vitamin By», and ascorbic acid, 
with other hematinic factors and additional com- 
ponents intended to impart a sense of well-being 
The vehicle contained 10% ethanol; the remaining 
90% of the vehicle was made up of three volumes 
of 70% sorbitol solution and one volume of glycerin, 
which contained 20 mg. sodium carboxymethyl- 
cellulose’ per cc. glycerin. 

The ferrous gluconate was disselved in the 70% 
sorbitol solution at 70°. The temperature 
reduced to 45° and the ascorbic acid was dissolved 
After cooling the solution to room temperature, folic 
acid and thyroxine, dissolved in a minimum volume 
of 0.1 N sodium hydroxide, were added. The 
steroids, amphetamine sulfate, and vitamin By 
were dissolved in the ethanol and dispersed in the 
main solution. Sod‘um citrate was used to adjust 
the preparation to pH 4.0-4.2 and flavors were 
added 

Finally, the 2% solution of sodium carboxymethyl- 
cellulose in glycerin was added. The CMC® 
included to restore the viscosity which was reduced 
sharply by the presence of ethanol. 

Storage and Assay.-In all three formulations, 
principal interest was in the retention of potency by 
vitamins By» and C which are reputedly unstable 
when present in the same dosage formulation. 
In the multivitamin drops (Formulation B) oc 
casional assays were performed on other labile com- 
ponents, notably thiamine and vitamin A 

The samples were subdivided into one-ounce, 
screw-capped bottles with no further precautions 
The bottles were stored in ovens at 37° and in an 
air-conditioned room maintained at 25°. 

Generally, assays were performed after storage 
for 13, 26, and 52 weeks 
sayed at 8 and 20 weeks 

Ascorbic acid was assayed according to the method 
in U.S. Pharmacopeia XV for Decavitamin Tablets 


water-soluble 


was 


was 


Some lots were also as- 


*CMC-70 Premium Hercules 


Wilmington, Del. 


Low, Powder Company, 
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Formulation B—Stability of vitamins By. 
and C at 25° and 37° 


with a peroxide modification. Cyanocobalamin was 
assayed microbiologically using a minor modifica- 
tion of the U.S. P. XV method 


RESULTS 


Stability at 25° and 37° of vitamin By and as- 
corbic acid in these formulations is shown in Figs 
1-3. Each point on these graphs usually repre- 
sents an average of assays from nine individual 
batches of the specified formulation. Straight lines 
drawn through these points by inspection indicate 
decomposition trends of the vitamins. 


Stability at 25° 

Formulation A (Hematinic). Vitamin Bj: lost 
20% of its initial activity after one year’s storage. 
During this period ascorbic acid lost 19% activity 
(Fig. 1) 

Formulation B (Multivitamin Drops). 
months’ storage 8% of vitamin By and 
acid were (Fig. 2). Only a 
single batch of this formulation was assayed after 57 
and 62 weeks’ storage. The proximity of these 
points to the extrapolated decomposition trend lines 
is noteworthy 

Vitamin A also showed an 8% loss after six 
months. It is interesting that thiamine hydro- 
chloride proved to be the least stable vitamin in this 


After six 
losses 


ascorbic observed 


oo 25°C 
oe 37°C 


6 
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Formulation C-—Stability of vitamins Bj. 
and C at 25° and 37°. 
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product. There was an average loss of 50% activity 
after one year's storage 

Formulation C (Tonic). Losses of 3% for vitamin 
By and 14% for ascorbic acid were found after one 
year's storage (Fig. 3) 


Stability at 37°. 

Vitamin By. and ascorbic acid decomposition in 
formulations stored at 37° was similar but pro- 
gressed at a more rapid rate than in preparations 
stored at 25° (Figs. 1-3). The data at 37° were 
not correlated with stability behavior at 25°, and 
are presented solely for information. 

Results of assays on single batches of Formula- 
tion B for vitamin B,, after 12 months’ storage, and 
for ascorbic acid after 57 weeks’ storage are shown in 
Fig. 2. These results indicate that the slopes of the 
estimated decomposition trend lines for this product 
at 37° are inordinately steep 

In our laboratories accelerated aging tests on 
vitamin preparations have been found useful as a 
means of determining gross incompatibilities in such 
formulations, and, when exceptional stability is 
exhibited at an elevated temperature, as an indi- 
cation of “room temperature” stability. Tests of 
this type are also useful in estimating overages in 
finished cosage forms to compensate for variability 
of “room te ~perature’’ shelf storage conditions. 
However, an accurate measure of a product's shelf 
stability is obtained only on samples stored at 
25° or at “room temperature.” 


DISCUSSION 


The only component common to Formulations 
A, B, and C, other than ascorbic acid and vitamin 


TABLE II.—-SUGGESTED OVERAGES" 
Ascorbic Acid 
Activity Over 

Retention? 


Vitamin 
Activity Over- 
Retention? age 
Formulation A 80 25 
Formulation B 20 
Formulation C 97 10 


' Sufficient to maintain labeled activity for one year at 
room temperature 
+ Activity retention as determined after storage for one 
year at 25 
Activity retention estimated for one year at 25°. 


TABLE 


Formulation D; 


Conen., Dose 


Vitamin 


By, meg 
Ascorbic acid, mg. 


Vitamin A, units 

Vitamin D, units 

Thiamine hydrochloride, mg. 
Riboflavin, mg 

Pyridoxine hydrochloride, mg 
Niacinamide, mg 

Calcium pantothenate, mg. 
Gentisic acid ethanolamide 
Sodium benzoate 

Vehicle’ 


1.2¢ 


® As riboflavin. 5’ phosphate sodium 
+ Panthenol was used instead of calcium pantothenate 
© Formulation D: water, 33° (v/v); ¢ 


Tween 80, 5% 
(v/v); Tween 80, 10% (vv); glycerin, gs; pH 44 
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By, is commercial 70% sorbitol solution. Stability 
of these formulations is attributed specifically to 
their sorbitol vehicles. Table II shows overages 
suggested for maintenance of labeled activity of 
these products for one year at room temperature, 
based on their behavior at 25°. 

As mentioned earlier, glycerin-water systems 
proved unsuccessful as vehicles for liquids containing 
ascorbic acid and vitamin By. Two multivitamin 
formulations containing 33 and 30% (v/v) water 
(Formulations D ¢ ' E) were studied in this con- 
nection (Table III) 

After 6 months’ storage at room temperature, 
twe batches of D lost an average of only 11% of 
vitamin By, but 51% of ascorbic acid; after 12 
months’ storage, these losses had increased to 29% 
for vitamin B,. and 98% for ascorbic acid. 

Opposite results were found with two batches of E. 
After storage for 3 months at room temperature, 
the average loss of ascorbic acid was only 3%, but 
there was a 78% loss in vitamin B)» activity. 

The good stability performance of ascorbic acid 
and vitamin By in 70% sorbitol solution may be 
attributed to two possible causes: the reduced avail- 
ability of water in sorbitol solution or complex 
formation between the polyol and either or both 
of the vitamins. 

The specific gravity of Sorbo is about 1.3; 
thus, 100 cc. contains 39 Gm. water. Since vitamins 
By and C showed good stability in Formulations 
A, B, and C and not in the glycerin preparations 
(D and E), it follows that the water in the former 
products may not be as available to cause chemical 
interaction between the vitamins. 

Notably, Formulation A, in which 70% sorbitol 
solution alone constituted the menstruum, con- 
tained more water per unit volume than Formula- 
tions D or E (39 ce./100 cc. vs. 33 and 30 ec./100 
ce.). Thus, it cannot be concluded that the ab- 
solute water content of Formulations A, B, and C 
fully explains the stabilizing effect of sorbitol. 

Reduction of reactive water through water;- 
binding by sorbitol could be involved in stability 
of these formulations. Sorbitol has hu nectant 
properties. Solutions of sorbitol lose water more 
slowly than do glycerin solutions when transferred 
from high to low humidity conditions (4). This 
indicates that sorbitol may “‘bind’’ water more te- 
naciously than glycerin to make it less available for 


III 


Formulation E; Dose = 0.6 ce 
Concn. / Dose Conen. ‘ce 


3 

30 
5,000 
1,000 
2 


Dose = 5 cc.— 
Conen. ‘ce 


(w/v) 
(w/v) 


riboflavin. 5’-phosphate ester monosodium salt dihydrate, Pfizer) 


glycerin, gs; pH 4.2; Formulation E.;: water, 30° 


81 25 
86 20 
: 10 2 5 
5,000 1,000 8,333 
1,000 200 1,667 
7 2.0 0.4 3.33 
1.2 0.24 0.5* 0.83° 
1.0 0.2 1.0 0.67 
i 20 4 20 33.3 
3 0.6 3 
| (w/v) 
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chemical interaction between the vitamins. The 
water in starch, for example, tends less to induce or 
foster a given chemical action than an equivalent 
amount of free distilled water. A similar phe- 
nomenon may be part of the stabilizing effect ob- 
served when 70% sorbitol solution is used as a ve- 
hicle for ascorbic acid, vitamin By, and ferrous 
gluconate, and would explain the apparent anomaly 
which exists between Formulations A, B, and C 
and the glycerin preparations, D and E, when only 
the water content of these products is considered. 
The other possible explanation for stability of 
these formulations may lie in complex formation 
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between sorbitol and either or both ascorbic acid 
and vitamin By. It is also conceivable that water- 
binding and complex formation by sorbitol contrib- 
ute jointly toward stability of these products. 
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Methods for the Determination of Tral’, a New 
Anticholinergic Drug* 


By PRESTON F. HELGREN, JAMES G. THEIVAGT, and DONALD J. CAMPBELL 


Tral, a new compound of the quaternary ammonium group of anticholinergic com- 
unds, has the property of forming a colored chloroform soluble complex with 


romthymol blue or ammonium cobaltothiocyanate. 


Under proper conditions, 


the amount of complex extracted is linearly related to the amount of Tral present: 
from 0.025 mg. to 0.350 mg. for the bromthymol reaction, and from 0.05 to 3.0 mg. 


for the ammonium cobaltothiocyanate reaction. 


Depending upon the nature of 


other substances present, either method provides an analytical method reproducible 
to + 1.0 per cent. 


eens A NEW ANTICHOLINERGIC DRUG of 
the quaternary ammonium group has be- 
come available. 

The pharmacology of the drug has not been de- 
scribed in detail but it has been compared with 
other synthetic quaternary ammonium antichol- 

Details of its 
The structure 


inergic compounds by Hwang (1). 
synthesis will be reported later. 
of the drug is as follows: 
OH 
| ACH: 
C-—CH:—_N N 
| 4 


Physical Properties.—The compound is 
soluble in water, 50 per cent w/v, slightly 
soluble in chloroform and insoluble in ether. 


CH,S0O,~ 


* Received April 8, 1957, from the Control Department 
Abbott Laboratories, North Chicago, Ill 

The authors wish to acknowledge the helpful suggestions 
of Dr. William B. Brownell, Analytical Research Group, 
Control Department 

'Tral is the trademark of Abbott Laboratories’ 
cyclium. 


hexo- 


The melting point (Class I, U. 5. P.) is be- 
tween 200-210°, but characteristic of this 
group of compounds, it does not melt sharply. 
The compound has only slight absorption in 
the ultraviolet region, due to benzenoid ab- 
sorption. In 0.1 N sulfuric acid there are well 
defined maxima at 252 mu, 257my and 263 mg, 
the absorptivity (1 per cent, 1 cm.) at 257 my 
being 4. 

The infrared spectrum of a Nujol mull prep- 
aration of the compound was determined using a 
Perkin-Elmer double beam spectrophotometer. 
The resulting spectrum? is shown in Fig. 1. 


WAVE LENGTH IN MICRONS 


Figure 1. 


*? The infrared spectrum was determined by William H. 
Washburn, Control Department. Abbott Laboratories. 
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METHODS OF ANALYSIS 


Due to various problems of interference that 
arose from tablet excipients, three different methods 
of analysis were studied and developed. Because of 
the low intensity of the ultraviolet spectrum, it ts 
of use only as an identity for the drug. The meth 
ods studied are discussed below 

Non-Aqueous Titration..-When Tral is dissolved 
in glacial acetic acid, it can be titrated with 0.1 N 
perchloric acid in acetic acid. However, only one 
equivalent per mole is titrated. This titration in- 
volved the nonquaternized nitrogen in the piperazine 
ring of Tral, since the similar completely quater 
nized compound shown below does not titrate under 
these conditions 

OH CH 


C—CH, 


CH,SO, 


As Tral is a salt of mono-methyl sulfate, the 
failure to titrate this group with perchloric acid 
indicates that the methyl sulfate 
weaker base than the acetate ion 


anion is a 
In this respect, 


TABLE I 
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review of photometric procedures has been made by 
Ballard (5). The procedures are all based upon the 
reaction of a dye containing a large negatively 
charged ion (anionic dye) with a quaternary com- 
pound, having a large cation, to form a complex 
soluble in an organic solvent. The technique we 
decided to investigate was the partition technique 
According to Mukerjee (6) who has studied the 
theory and variables involved, there exists a series of 
equilibria that depend upon pH, the concentration 
of the dye, the organic solvent used, shaking time, 
and the ratio of the volumes of the two phases 
All of these must be considered in the development 
of a sensitive and reproducible method. We first 
attempted to apply a method for quaternary am- 
monium compounds, which employs Eosin Y and a 
partitioning between tetrachloroethane and pH 4.5 
buffer. This method not applicable. Sec- 
ondly, bromthymol blue was investigated and was 
found satisfactory, using chloroform as the extrac- 
tant. Ballard (5) recommended that the amount 
of indicator extracted in chloroform be read at 420 
my following the addition of a solution of boric acid 
in ethanol. In this solution the dve is in the yellow 
or acid form and has a molar absorptivity of 5.7 
10° at 420 my. However, a chloroform solution of 
the dye made alkaline with 0.005 N sodium hydrox- 
ide in methanol is stable for several hove. ond the 


was 


Errect oF PH ON EXTRACTION OF TRAL-BROMTHYMOL COMPLEX 


Absorbance at 620 my of CHCl, Following Single Extraction 


pH of Buffer 6 6.5 7.0 
Tral + Indicator 1.08 O.787 0.691 
Indicator 0.80 0.158 0.027 
Difference 0.28 0.629 0.664 


Tral is similar to the quaternary ammonium halides 
which be titrated until the weakly basic 
chloride anion is replaced by acetate ion using mer- 


cannot 


curic acetate (2,3) 

As the perchloric acid titration involves only the 
non-quaternized nitrogen, this method of assay is a 
reliable means of determining any over-quaterniza- 
tion that may take place during manufacture, as 
well as a method of analysis for certain tablets 

Titration Procedure. - Weigh 20 tablets and grind 
Transfer an amount of powder approximately 
equivalent to 250 mg. of Tral to a beaker containing 
50 ml. of glacial acetic acid. Titrate with 0.1 N 
perchloric acid, using a potentiometric titrator with 
silver-glass electrodes. The break at the endpoint 
is about 40 millivolts per 0.1 ml. of titrant. The 
equivalent weight of Tral is 428.6 

This procedure was rapid and suitable for tablets 
not containing salts of weak acids which would also 
be titrated. However, certain tablets were prepared 
containing sodium citrate and magnesium stearate 
as excipients and as no organic solvent could be 
found to extract the Tral preferentially, the need 
arose for another method 

Photometric Determination by Compound For- 
mation with Bromthymol Blue.—-The use of indica- 
tors for the determination of quaternary ammonium 
salts was originally described by Auerbach (4). A 


0.679 
0.012 
0.667 


7.5 20 85 9.0 10.0 
0.668 0.670 0.625 0.583 
0.002 0 0 0 

0.666 0.670 0.625 0.5838 


melar absorptivity is increased approximately 
ten-fold to 3.6 XK 10tat620my. From thisa3.6 X 
10-® M solution of Tral would give an absorbance 
reading of 0.1 in a l-cm. cell, assuming complete 
extraction and a 1:1 mole ratio of dye to Tral in the 
complex. 

In this case a quantitative estimation of as little 
as 1 ppm. of Tral should be possible, a sensitivity 
that could prove useful for work on_ biological 
samples 

The method applicable to the drug or tablets 
follows Reagents and Solutions: bromthymol 
blue indicator solution—-dissolve 150 mg. of brom- 
thymol blue (acid form) and 150 mg. of sodium 
carbonate in water and dilute to 100 ml.; Tral 
standard solution—0.05 mg. per ml.; pH 8.5 buffer 

dissolve 3.10 Gm. of boric acid and 3.73 Gm. of 
potassium chloride in water, adjust to pH 8.5 with 
sodium hydroxide, make up to 1,000 ml. with water; 
sodium hydroxide—0).005 N in methanol; 
form—A.C.S. grade 

Take 20 tablets and grind to a fine powder. 
Transfer a sample equivalent to 100 mg. of Tral 
to a 100-ml. volumetric flask. Add 50 ml. of water, 
shake vigorously, then make up to volume. Allow 
the excipients to settle, or centrifuge an aliquot. 
Dilute 5 ml. of the clear supernatant to 100 ml. with 
water. Transfer a 5-ml. aliquot to a 125-ml. sepa- 


chloro- 


» ACH 
‘ N -CH,SO,~ 
/ 
{ 12.0 
0.015 
0 
0.015 
i 
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ratory funnel having a Teflon stopcock. Add 1 ml. 
of bromthymol blue indicator solution and 15 ml. 
of pH 8.5 buffer solution. Add exactly 25 ml. of 
chloroform and shake on a mechanical shaker for ten 
minutes. After allowing the layers to separate, 
swirl the separatory funnel gently as the extracted 
complex in the chloroform layer tends to concen- 
trate near the interface. Filter the chloroform layer 
through not more than 0.1 Gm. of glass wool into a 
flask. Transfer exactly 10 ml. of the chloroform 
filtrate into a test tube containing 2 ml. of 0.005 N 
sodium hydroxide in methanol and mix thoroughly. 
Determine the absorbance of this solution at 620 my 
in a Beckman DU Spectrophotometer using chloro- 
form to set the instrument to 100% transmittance 
Five milliliters (0.25 mg.) of the Tral standard solu- 
tion are also run through the procedure starting 
with “‘Transfer a 5-ml. aliquot toa 125-ml. separatory 
funnel.’’ Calculate the results by a comparison of 
the absorbances of the standard and a sample 

As pointed out by Mukerjee (6), to acquire an 
understanding of the variables concerned in the use 
of a partition method such as the above, a con- 
sideration of the various equilibria must be made. 


TABLE II. 


10 Minutes 
0. 668 
0 674 
0.669 
0.672 


5 Minutes Range Range 
0.649 
0.663 
0.741 
0.701 


0.092 0.006 


The following schematic representation of the 
system being studied (Fig. 2), devised by 
Mukerjee is useful 

Bromthymol blue, the anionic dye, is DWNa. 
Tral, the cationic compound, is RX. Thus R* is 
the quaternary cation and D~ is the colored dye ion. 
When mixed togethet in the two phase chloroform- 
water system the equilibria involved are as follows: 


also 


D Na (H.O) 
Ke 


= R D (H,.O) 


t | Ki 


= R X (H,0) 


| Ks 


D Ne (CHCl) R D (CHCI;) @ R X (CHCl) 
Fig. 2.—Schematic Diagram of Equilibrium 


The equilibria K, and K, represent the partition- 
ing of dye and Tral between water and CHCl. 
The choice of solvent, the pK of the indicator and 
the pH of the aqueous phase are of prime impor- 
tance in favoring the partition into CHCl, which in 
turn will increase the sensitivity of the analysis. 
The partitioning of the Tral-dye complex depends 
upon equilibrium K,, and for optimum sensitivity 
conditions should be chosen to favor the chloroform 
phase. Certain of these variables were studied 

Effect of pH.—-A series of separators was set up, 
each containing 0.25 mg. of Tral (0.58 micromoles ) 
and 1.5 mg. of bromthymol blue (2.4 micromoles). 
To each separator was added 15 ml. of a different 
buffer, ranging from pH 6.0 to 12.0. The samples 
were shaken for a fixed period of time with chloro- 
form and the absorbance of the indicator in the 
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chloroform layer was determined as _ previously 
described. A similar series was run with indicator 
and buffer, omitting Tral 

The values obtained for extraction of indicator 
alone are a reflection of equilibrium K» as shown in 
Fig. 2 and the pk of the indicator which is 7.0 
Based on this alone, a pH of 8.5 or higher would be 
desirable to eliminate a blank correction. The 
absorbance readings in the difference column show 
the amount of Tral-bromthymol complex extracted 
This is directly related to equilibrium K,; which 
reflects the degree of partitioning of the complex 
as well a+ the completeness of the Tral-dye complex 
formation. These optimum conditions — prevail 
between pH 7.0 and 8.5 

From a consideration of these data it was decided 
to extract at pH 8.5. At this pH, the indicator 
blank is zero which eliminates the necessity of run- 
ning a blank 

Shaking Time. Next a study was made of the 
possible effect of shaking time on the reproduci- 
bility of single extraction at pH 8.5. Four samples 
of Tral were extracted at each shaking time. The 
absorbances obtained are shown in Table II. 


EFFECT OF SHAKING TIME UPON EXTRACTION OF TRAL-BROMTHYMOL COMPLEX 


30 Minutes 
0.643 
0.645 
0.640 
0.650 


15 Minutes 
0.667 
0.659 
0.675 
0.662 


Range Range 


0.016 0.010 


For n = 4, the range of absorbances is not signif 
icantly different between ten minutes and thirty 
minutes shaking, so ten minutes shaking time was 
adopted as standard procedure. 

Interfering Materials. Common tablet excipients 
such as starch, magnesium stearate, polyvinyl- 
pyrrolidone, and sodium citrate were checked for 
possible formation of a chloroform soluble complex 
with bromthymol blue, but under the conditions of 
the procedure, no interference was found. However, 
certain tablets containing Carbowax" 6000* were 
formulated and it was found that at pH 8.5, 2 mg. 
of Carbowax combined with bromthymol blue to 
form a chloroform soluble complex giving an ab- 
sorbance reading of 0.026 at 620 my. Extractions 
at lower pH gave variable but definitely higher read- 
ings. Thus the method is not suitable for » tablet 
containing Carbowax 6000 

Tral tablets containing 15 mg. of phenobarbital, 
U.S. P., have recently been analyzed by the above 
procedure and no separation of the barbiturate is 
necessary. 

Relationship between Concentration of Tral and 
Absorbance Readings.Samples containing be- 
tween 0.01 mg. and 0.4 mg. of Tral per 5 ml. were 
extracted once with chloroform out of pH 8.5 buffer 
containing bromthymol blue as previously described, 
and the resulting absorbance at 620 my was meas- 
ured. The results obtained and a statistical ex- 
amination for linearity are shown in Table III. 


* Trademark of Carbide & Carbon Co., polyethylene glycol 
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TABLE III.—-RELATIONSHIP BETWEEN 
CONCENTRATION OF TRAL AND ABSORBANCE 
READINGS 


Absorbance Read- 
ings Calculated 
Actual mg. of Absorbance of from Regression 
Tral CHCl at 620 my Line 
x y 
O10 0 022 O1LO 
O25 0.056 051 
050 0.117 119 
100 0.239 256 
150 0. 389 391 
200 0.529 527 
250) 0.666 663 
300 0.799 S00 
350 0.939 938 
100 1.082 O74 


a + bx b = (mixy — = X 


— (Ex)*) 


Comparison of the absorbance readings y, calcu- 
lated from the linear regression line, and y, the actual 
readings obtained, show from their small difference 
that Beers-Lambert law is followed for samples 
of Tral between 0.025 and 0.350 mg 

Reproducibility of Method.-Ten samples of 
0.25 mg. of Tral were analyzed by the above pro- 
cedure to determine the reproducibility of the 
method. -Y, the average absorbance for » = 10 
was 0.670, R = 0.018 and 6 = +0.006. Thus the 


standard deviation of a single determination is 
about +0.9% 
Composition of Tral-Bromthymol Complex.—-As 


pointed out by Ballard (5), dye-quaternary com 
pound complexes are formed in ratios other than 
1:1. In our hands, attempts to determine this 
ratio by titration with Tral of a given amount of 
bromthymol in a pH 8.5 buffer-chloroform system 
until no color was left in the water layer, were not 
successful. This was probably due to the fact that 
for complete reaction, an excess of bromthymol 
blue is required. 

Instead, varying amounts of Tral in pH 8.5 buffer 
were extracted once with chloroform in the presence 
of a fixed but always excess amount of bromthymol. 
The amount of dye left in the aqueous phase was de- 
termined by measuring the absorbance. The re- 
sults obtained are given in Tablet IV. 


Taste IV.— Mote Ratio or Dye To TRAL IN 


CoMPLEX 


Mole Ratio of 
Dye Tral Moles of Tral Moles of Dye 
Present Added Removed X 107% 


7.32 2.333 2.174 
3.66 666 4.706 
1.46 11.665 11.723 


From these results it can be seen that although 
the excess amount of dye available for reaction 
varied from 1.5 to 7 times the amount of Tral 
present, the complex maintained a constant 1:1 
dye/Tral composition. Previous studies had shown 
that a single chloroform ex*raction at pH 8.5 essen- 
tially removed all the Tral from the water phase as 
second and third extraction did not yield any more 
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dye-Tral complex. The data in Table IV also 
support this. 

Photometric Determination of Tral with Am- 
monium Cobaltothiocyanate..-As mentioned pre- 
viously, it was found that when a pH 8.5 buffer 
solution containing Carbowax 6000 was shaken with 
bromthymol blue and chloroform, bromthymol blue 
or a complex of the dye and Carbowax is extracted 
into the chloroform layer. This of course would 
give high results for Tral in tablets containing 
Carbowax 6000 as an excipient. Brown and Haves 
(7) described a method for the determination of 
polyethyleneglycol mono-oleate by the formation of 
a blue chloroform soluble complex of the polyglycol 
and ammonium cobaltothiocyanate. chloro- 
form, the concentration of the resulting complex 
can be determined by measuring the absorbance at 
318.5 or 620 my. They also qualitatively studied 
this reaction using the Carbowex series from 200 to 
4000 and noted that no chloroform soluble complex 
was formed above 1500. They also noted qualita- 
tively that some quaternary ammonium compounds 
containing a long chain alkyl group gave a positive 
reaction. Thus it occurred to us that the method 
might be applicable to Tral in the presence of Carbo- 
wax 6000. 

It was found that when a solution of Tral and 
ammonium cobaltothiocyanate was shaken in the 
presence of chloroform, a blue color appeared in the 
chloroform which has a peak at 620 my as reported 
by Brown and Hayes (7). We also confirmed their 
report that Carbowax 6000 did not impart a blue 
color to the chloroform layer. Thus the following 
procedure based on their method for polyethylene- 
glycol mono-oleate was found suitable for Tral and 
Tral-phenobarbital tablets 

Reagents.—Ammonium cobaltothiocyanate solu- 
tion: dissolve 15 Gm. of Fisher certified reagent 
cobaltous nitrate and 100 Gm. of ammonium 
thiocyanate, A.R. in 500 ml. of H,O. 

Procedure.— To 20) ml. of the above reagent add 
5 ml. of a solution of Tral adjusted to contain 1.5 
mg. of the drug. Shake for one minute and let 
stand for five minutes. Add 5 ml. of chloroform 
and shake vigorously for one minute. Allow layers 
to separate. Pass the chloroform phase through a 
small pledget of glass wool. Determine the ab- 
sorbance of the chloroform solution at 620 my in a 
suitable spectrophotometer. Calculate the results 
from a comparison of the absorbance of a known 
amount of Tral put through the same procedure 


DISCUSSION 


Prown and Hayes (7) pointed out that the co- 
baitothiocyanate-polyglycol complex also exhibits a 
maximum in chloroform at 318.5 my which is six 
times as great as the maximum at 620 my. Con- 
trary to their experience, we found that a water 
blank carried through their procedure gave an 
appreciable absorbance of 0.4 at 318.5 mp. We 
confirmed that no blank correction was necessary 
at 620 mu. The substance extracted has a peak at 
263 my and thus it is probably not the Co (CNS),~ 
anion whose measurement forms the basis of their 
method. We did note that our cobaltothiocyanate 
reagent had a pH of 6 while Brown and Hayes re- 
agent was reported to be 3. Attempts to eliminate 


642 
¢ 
4 
— 


November 1957 


this blank were not successful and at present this 
discrepancy must be attributed to differences in 
quality of the reagents 

Relationship between Concentration of Tral and 
Absorbance.—-A series of Tral samples from 0.05 
mg. to 3.00 mg. were reacted with the cobaltothio- 
cyanate reagent and extracted once with chloro- 
form. The resulting absorbances at 620 my were 
read and an examination of the resuits for statistical 
linearity is given in Table V 


TaBLe \V.—-RELATIONSHIP BETWEEN 
CONCENTRATION OF TRAL AND ABSORBANCE 
READINGS 
Absorbance Read- 
ings Calculated 
from Regression 
Line 


Absorbance of 
CHCl at 620 my 
O16 
OSS 
170 
355 
550 
730 
918 
095 


Actual mg. of 


918 
1.103 


= 0.007, b = 0.0368. 


The above data show that the Tral-cobaltothio- 
cyanate complex follows Beers-Lambert law be 
tween 0.05 and 3.0 mg. using only a single extraction. 
When second and third extractions were made it 
was found that the single extraction removes ap- 
proximately 88% of the complex. 

Reproducibility of Method..-Ten samples of 1.5 
mg. of Tral were analyzed by the above procedure 
to determine the reproducibility of the method. 

;, the average absorbance for » = 10 was 0.548, 
R = 0.018 and 6 = +0.006. Thus the standard 
deviation for a single determination is about 
+1.0%. 

Interfering Materials...Common tablet excipients 
put through the procedure essentially did not pro- 
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duce any color in the chloroform. The results on 
these and a few other compounds are given in Table 
VI. 


Tas_e VI.—AssorBANCE CHCl], at 620 My 


Absorbance 
000 
OOS 
OO1 
002 
000 
003 
OO4 
001 


Compound Amount, mg 
Magnesium stearate 1.0 
Carbowax 6000 
Pentobarbital Na 
Methamphetamine HCl 
Phenobarbital Na 
Polyvinylpyrrolidone 
Choline 

Betaine 


toto bo 


SUMMARY 


1. Three methods have been described for the 
analysis of Tral, a new anticholinergic drug. 
They may be applied to Tral, Tral tablets, or 
Tral-phenobarbital tablets, depending upon the 
tablet formula. 

2. The procedures involving the combination 
of Tral, with either bromthymol blue or ammo- 
nium cobaltothiocyanate to form a chloroform 
soluble complex, require specific reaction condi- 
tions to assure maximum sensitivity and good re- 
producibility. 
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x 
0.05 Oll 
0.25 0.085 
0.50 .178 
1.00 363 
1.50 548 
2.00 733 
2.50 
300 


The Determination of Theophylline, Pentobarbital, 
and Papaverine in Tablets by 
Spectrophotometric Analysis* 


By PRESTON F. HELGREN, FRANK E. CHADDE, and DONALD J. CAMPBELL 


Tablets containing theophylline, pentobar- 
bital, and papaverine may be analyzed rapidly 
and accurately by ultraviolet spectrophotom- 
etry. Following only the separation of 
pentobarbital, all three components may be 
determined accurately under conditions 
which studies have shown provide optimum 
reproducibility of absorbance measurements. 


Acumen TREND in the pharmaceutical 

industry is the preparation of dosage forms 
containing drugs of differing pharmacological 
action. This poses a problem to the analytical 
chemist because many of the methods in the offi- 
cial compendia apply only to dosage forms con- 
Also for control 
purposes, it is desirable to perform the analyses 
by one type of procedure on the same sample, i.e., 


taining one active ingredient. 


titrimetric, absorptimetric, or gravimetric. 

This paper describes a method of analysis for a 
tablet containing Glucophyllin,! Nembutal,? and 
papaverine hydrochloride as the active ingredi- 
The procedure meets the above listed re- 
quirements in that all three components are de- 


ents 


termined on one sample by a common proce- 


dure, i.e., ultraviolet spectrophotometry. 


EXPERIMENTAL 


Reagents...One per cent hydrochloric acid; 
1.5°) ammonium hydroxide; diethyl ether; pH 6.2 
buffer prepared by mixing 80 ml. of ?/,,; molar 
KH,PO, with 20 ml. of #/;,; molar NasHPO, (double 
strength Sorensen buffer) 

Procedure.—-A typical formulation of this item 
contains 76 mg. of theophylline, 15 mg. of pentobar- 
bital sodium, and 40 mg. of papaverine hydrochloride 
per tablet. Determine the average weight of 20 
tablets and grind to a fine powder. Transfer the 
equivalent of one tablet to a 250-ml. separator con- 
taining 100 ml. of 1% hydrochloric acid. Shake for 
two minutes and extract with five 20-ml. portions of 
diethyl ether, collecting the ether extracts in another 
separator. Wash the combined ether extracts with 
three 10-ml. portions of slightly acid water. Add 
these water washes to the 1% hydrochloric acid re- 
maining in the first separator. Save this solution 
for the analysis of theophylline and papaverine 
hydrochloride 


* Received March 15, 1957, from the Control Department, 
Abbott Laboratories, North Chicago, Il! 

Presented to the Scientific Section, A. Ph. A.. New York 
meeting, May 1957 

' Glucophyllin is Abbott Laboratories’ trademark for the 
methyl! glucamine salt of theophylline 

? Nembutal is Abbott Laboratories’ trademark for pento- 
barbital sodium 


Determination of Pentobarbital Content. — Trans- 
fer the ether solution quantitatively to a 200-ml 
volumetric flask and evaporate the ether without 
heat under a stream of nitrogen. Dissolve the 
residue in 1.5°% ammonium hydroxide, shaking 
vigorously to assure complete solution. Dilute to 
volume with additional 1.5% ammonium hydroxide 
If necessary, filter the solution through a pledget of 
glass wool. Transfer 10 ml. of the clear filtrate to a 
50-ml. volumetric flask and dilute to volume with 
15% ammonium hydroxide. Determine the ab- 
sorbance in 1-cm. silica cells at 240 my in a Beckman 
DU Spectrophotometer against a blank of 1.5% 
ammonium hydroxide. Calculate the concentra- 
tion of pentobarbital sodium from the following 
equation. 

Mg. of pentobarbital sodium per tablet = 
(A240 mp X 10,000 Av. Wt. per Tablet) /(398 
Wt. of sample). 

Determination of Theophylline and Papaverine. 
Transfer the 1° hydrochloric acid solution quantita- 
tively to a 200-ml. volumetric fiask. Warm on the 
steam bath and blow gently with a stream of nitro- 
gen to remove traces of diethylether. After cooling, 
dilute to volume with water. Transfer a 2-ml. 
aliquot to a 100-ml. volumetric flask and dilute to 
volume with pH 6.2 buffer. Determine the ab- 
sorbance in 1-cm. silica cells at 243.5 my and 272 mu 
using the buffer solution as biank. Calculate the 
concentration of theophylline and papaverine hydro- 
chloride as follows: 

Mg. of papaverine hydrochloride per Tablet 
(78.33 A243.5 mp — 18.45 XK A272 my) 
Av. Wt. per Tablet] /( Wt. of Sample). 

Mg. of theophylline per Tablet = 
A272 mp — 23.44 X 
Tablet| /Wt. of Sample. 


(198.5 x 
A243.5 mu) X Av. Wt. per 


DISCUSSION 


Method Development and Separation Conditions. 

The U.S. P. XV procedures for papaverine hydro- 
chloride injection and pentobarbital sodium were 
not suitable for this tablet. The first procedure 
attempted was to suspend the tablet mixture in 
0.1 N sodium hydroxide and extract with chloroform. 
Although all of the papaverine was extracted into 
chloroform, about 20% of theophylline was also 
present. Further, upon heating the alkali layer (to 
remove traces of chloroform ) this solution containing 
pentobarbital and theophylline turned yellow. This 
method was rejected because of the failure to sepa- 
rate papaverine and theophylline as well as the in- 
stability of theophylline in the alkali. 

Next, the above procedure was repeated using 
diethyl ether. In this case, pentobarbital and theo- 
phylline remained in the alkali, but because of the 
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low solubility of papaverine in ether, a quantitative 
separation was not achieved. 

As both papaverine hydrochloride and theophyl- 
line are soluble in dilute acid, a separation of pento- 
barbital with ether was attempted. Because of the 
solubility of papaverine hydrochloride in chloroform, 
this solvent could not be used. Using synthetic 
blends of the three components, it was found that 
pentobarbital extracted quantitatively into 
ether and both papaverine and theophylline re- 
mained in the dilute acid layer. When applied to 
tablets, a clean separation was also achieved with no 
emulsion problems. 

Spectral Properties of Pentobarbital.._ Aqueous 
solutions of pentobarbital, typical of 5,5 disubsti- 
tuted barbiturates, have three distinct equilibrium 
forms between pH 1 and 14. Each form has a 
different ultraviolet spectrum, and dissociation 
constants of pK; = 8.96 and pK» = 12.67 have been 
calculated from them (1, 2). Fox and Shugar (3) 
have presented an excellent theoretical discussion of 
the equilibria involved and other authors (4-7) 
have utilized pH spectral changes to establish the 
identity of 5,5 disubstituted barbiturates in body 
tissues. 

Thus, to determine pentobarbital by measurement 
of ultraviolet absorbance, the pH of the solution 
must be the same for the sample and the standard. 
Table I shows the shift in position of the pentobar- 
bital maximum peak and change in absorptivity 
(1%, 1 cm.) in sodium hydroxide solutions of vary- 
ing pH. 


was 


SPECTRAL CHANGE OF PENTOBARBITAL 
WITH pH 


I. 


Absorp- 
tivity, 
(1%, 1 cm.) 


Wavelength 
Normality, 
NaOH pH 

0003 9 65 
65 
2.40 
2.85 
3.3° 


at 
Max. (my) 
240 


1 
1 


a pH calculated 


All the above measurements were made in sodium 
hydroxide solutions adjusted with potassium chlo- 
ride to a constant ionic strength (a) of 1.0. 

From the above, it is evident that for routine UV 
analysis sodium hydroxide solutiens of pentobar- 
bital are not suitable. Mattson (8) used pH 9.5 
suffer for the UV determination of phenobarbital 
and McCallum (9%) used ammonium hydroxide solu- 
tion for the determination of the same drug in bio- 
logical samples. 

As buffer solutions are subject to mold growth and 


SPECTRAL PROPERTIES OF PENTOBAR- 
BITAL IN NH,OH 


TABLE II 


Absorp- 
tivity 
(1%, lem) 
436 
434 
437 
437 


Wavelength 
Normality, at 
NH,OH 
0.10 
0.50 
0.75 
1.0 


a 

Max 
240 
240 
240) 
240 
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thus must be prepared frequently, it was decided to 
study the use of ammonium hydroxide solution of 
pentobarbital for UV analysis. Table II gives the 
results obtained. 

From the above data it can be seen that within a 
large range of concentration of ammonium hydrox- 
ide, there is no shift in maximum and the absorp- 
tivity is constant. Also, pentobarbital solutions 
show good stability in ammonium hydroxide as the 
absorptivity decreased only 0.5% in twenty-four 
hours. Thus 0.75 N ammonium hydroxide (1.5%) 
was adopted as the solution to be used for the UV 
determination of pentobarbital in these tablets. 


Spectral Properties of Theophylline and Papav- 
erine.—In the procedure described, theophylline 
and papaverine are separated from pentobarbital in 
1°, hydrochloric acid. In this solution, the ultra- 
violet spectrum of papaverine has a single maximum 
at 251 my, absorptivity (1%, 1 cm.) of 1643, and 
theophylline a single maximum at 272 my, absorp- 
tivity (1%, 1 em.) of 515. Also both substances 
exhibit minima of similar intensity near these two 
wavelengths. From this it was apparent that con- 
ditions were favorable for the UV determination 
of both substances without separation. Further, as 
the tablet contained approximately half as much 
papaverine as theophylline, the absorbance readings 
at the maxima would have approximately an 8:5 
ratio, so that absorbance readings at both maxima 
would fall between the desired range of 0.3 and 0.7 
on the same solution. 

In the analysis of two component mixtures by 
UV there are certain conditions that will improve 
the accuracy of such analyses. Stearns (10) has 
pointed out that a mathematical examination of the 
familiar equations for determining concentration 
of mixtures of A and B simultaneously shows that 
the most accurate estimate of each is achieved when 
the ratios of the absorbances 4/B and B/A at the 
maximum wavelength of each are maxima. 

In 1% hydrochloric acid, theophylline has a nar- 
row minimum at 243 my, absorptivity (1%, 1 em.) 
of 123. At 251 my, the papaverine maximum, the 
theophylline curve is rising sharply and the ab 
sorptivity (1%, 1 cm.) on the side of the curve is 
195. Thus, if it were possible for the papaverine 
maximum to be at 243 mu, to coincide with the wave 
length of the theophylline mimimum, the absorb- 
ancy ratio would be a maximum value. Papav- 
erine, on the other hand, has a broad minimum in 
the region of the theophylline maximum (272 my) 
and optimum conditions for accuracy already pre- 
vail. 

Foster and Macdonald (11) in a study of the ultra- 
violet spectrum of papaverine hydrochloride re- 
ported a shift of the maximum from 238 my at pH 9 
to 251 mp at pH 3.95. A change in absorptivity 
(1°,, 1 em.) was also observed. Thus based on 
Foster's data it is possible to shift the position of the 
papaverine maximum to 243 my so as to coincide 
with the position of the theophylline minimum 
As pointed out earlier, an increase in precision would 
be achieved. Table III, page 646, gives the results 
of such a study. 

Thus to achieve optimum precision in this two 
component determination, the absorbance readings 
for papaverine and theophylline are made in pH 6.2 
buffer. This increase in precision outweighed the 


445 
417 
349 
308 
290) 
1.0 4.0" 323 
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inconvenience of using the buffer. As the additive 
absorbances of mixtures of the two drugs followed 
the Beer-Lambert law, this procedure was adopted 
for the tablets. 


Tasie II1.—Errect or pH oN UV ABSORPTION OF 
THEOPHYLLINE AND PAPAVERINE 


Max. Wavelength Min. Wavelength 


(my) (my) 
pH Papaverine Theophylline 
6.82 238 243 
6.20 243.5 243 
6.08 245 242 
2.48 25 242 


Reproducibility of Method.—A large number of 
tablets were powdered and ten separate samples 
were put through the described procedure. The 
results obtained are shown in Table IV. 


Tasie Stupy oF 


Papaverine 


Pentobarbital Na Theophylline Hydrochloride 


Y 14.7mg. 74.9mg 39.7 mg. 

n 10 10 10 

R 04mg 1.9 mg. 1.0 mg. 

6 +0.11 mg. +0).49 mg. +0).26 mg. 


6% +0.75% +0). 65% +0. 65% 
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SUMMARY 


A spectrophotometric method for the deter- 
mination of theophylline, pentobarbital and 
papaverine in tablets with a per cent standard 
deviation of 0.65 per cent, 0.75 per cent, and 
0.65 per cent for each component has been de- 
scribed. This degree of reproducibility, com- 
parable to that achieved by other methods, was 
obtained by adjusting solvent conditions to ob- 
tain absorbancy readings with maximum pre- 
cision. 
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The Synthesis of 1-S-35 Diamox* 


By LEON CLARK and LLOYD J. ROTH 


A procedure is described for the synthesis of 
S-35 labeled Diamox® (2-acetylamino-1,3,4- 
thiadiazole-5-sulfonamide), in relatively good 
yield from readily available starting materials. 


eo is used in the treatment of congestive 
heart failure (1), glaucoma (2), and epilepsy 
(3). Since only minimal concentrations of drug 
are attained within certain body tissues, 2i iso- 
topic label in the molecule provides a valuable 
tool for the study of its distribution pattern and 
metabolism in these tissues. The purpose of this 


* Received February 25, 1957, from the Department of 
Pharmacology, University of Chicago, Chicago, Il 
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report is to describe a procedure for the synthesis 
of Diamox with a sulfur-35 label in the hetero- 
cyclic ring. 


O 0 
CH;,C—N—C? %C—S—NH; 
1-S® Diamox 
EXPERIMENTAL' 


S-35 Potassium Thiocyanate.—-This intermediate 
is commercially available or may be conveniently 


' All melting points are uncorrected Microchemical 
analyses were performed by William Saschek, of the Depart 
ment of Chemistry, University of Chicago 
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prepared from elemental sulfur-35 by a modifica- 
tion of the method of Sprinson and Rittenberg (4) 
for the C-14 labeled compound 

Sulfur-35 (25 mc.) was obtained from the Atomic 
Energy Commission in the form of a benzene solu- 
tion (0.8 ml.). This solution was transferred to a 
tared 6-inch Pyrex test tube, which was then placed 
in a well-ventilated hood and allowed to remain, at 
room temperature, until the solvent had evaporated 
The weight of the residue was found to be 8 mg. 
To it was added 32 mg. of nonisotopic sulfur and 100 
mg. (1.5 mmoles) of potassium cyanide. The result- 
ant mixture was fused at 310° for fifteen minutes in 
an atmosphere of nitrogen, then allowed to cool to 
room temperature. The crude $-35 potassium thio- 
cyanate thus formed was used in the next step. 

S-35 Thiosemicarbazide.._The synthesis of thio- 
semicarbazide from potassium thiocyanate and hy- 
drazine sulfate has been described by Bambas (5). 
In a modification of this method, the above product 
was dissolved as completely as possible in 0.5 ml. of 
warm water, and to it was added 0.3 ml. of a stock 
solution of hydrazine sulfate.2 The mixture was 
stirred thoroughly, then allowed to stand for thirty 
minutes at room temperature. At the end of this 
period, 5 ml. of methyl cellosolve was added, and 
the mixture was filtered. The filtrate was collected 
in a 6-inch Pyrex test tube 

The lower end of the test tube was surrounded 
by a preheated oil bath (150-179°)* and the filtrate 
was concentrated until its boiling point (liquid tem- 
perature) reached 130°. At this point, a cold-finger 
condenser was inserted into the open end of the test 
tube and heating was continued for two hours under 
reflux. At the end of this time, the solution was 
transferred, while still hot, to a small beaker, and 
was evaporated to dryness under a stream of nitro- 
gen. The residue was recrystallized from boiling 
water to yield 69 mg. (0.75 mmole, 60°) of S-35 


thiosemicarbazide; m. p. 179-181° (dec.). Re- 
ported m. p. 181-1838° (dec.) (5). 
1-S-35-2-Amino-1,3,4-thiadiazole-5 - thiol. —-Guha 


(6) has described the preparation of 2-amino-1,3,4- 
thiadiazole-5-thiol by the condensation of thiosemi- 
carbazide and carbon disulfide in aqueous solvent 
After a series of unsuccessful attempts to reproduce 
vields of the order of magnitude reported by this 
investigator, a search for a more efficient solvent 
for this condensation was begun. Of the solvents 
tested, pyridine was the most efficient and resulted 
in the best yields. 

A mixture of S-35 thiosemicarbazide (69 mg., 0.75 
mmole), carbon disulfide (1 ml.), and pyridine 
(7.5 ml.) was sealed in a heavy-walled Pyrex reac- 
tion tube and heated for four hours at 140-150°. 
At the end of this time, the tube and its contents 
were allowed to cool to room temperature, then 
chilled in an ice bath and opened. The contents 
were transferred to a small beaker, and the solvent 
was blown off under a stream of air. The residue was 


* This solution was prepared by dissolving 900 mg. of 
hydrazine hydrate (99-100°7,) and 2 gm. of hydrazine sulfate, 
NHN He HySO, in a minimum amount of water and bringing 
the volume up to 3 ml 

? Because thiosemicarbazide is unstable at temperatures 
approaching its melting point, superheating of the reaction 
mixture can result in extensive decomposition of the product. 
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recrystallized from boiling water to yield 61.2 mg. 
(0.46 mmole, 61%) of 1-S-35-2-amino-1,3,4-thia- 
diazole-5-thiol, m. p. 237-242°. Reported m. p 
232°, 242° (6). 
1-S-35-2-Acetylamino-1,3,4-thiadiazole-5- thiol.— 
The above product was acetylated in the customary 
manner (7) using 12.5 mg. of fused sodium acetate 
and 0.5 ml. of acetic anhydride. The crude 2- 
acetylamino-1,3,4-thiadiazole-5-thiol was dissolved 
in hot dilute ammonium hydroxide treated with 
charcoal and filtered. Neutralization of the filtrate 
with hydrochloric acid gave a precipitate of fine 
crystals, m. p. 297-300°. Reported m. p. 300° 
(dec.) (7). Yield 71.6 mg. (0.409 mmole, 89%). 

1-S-35 Diamox.—The procedure of Roblin and 
Clapp (8) was found adaptable to the production of 
Diamox from the corresponding thiol on a scale of 
less than 1 millimole. 

The above product was suspended in 5 ml 
33° % acetic acid in a test tube. The suspension was 
cooled to 0° in an ice bath and saturated with chlo- 
rine gas, introduced by a finely drawn capillary. 
This operation required about ten minutes, during 
which time the temperature of the mixture was not 
allowed to exceed 8°, The sulfonyl chloride thus 
formed was collected on a sintered glass micro filter, 
washed with ice-cold water, and added, in small 
amounts, to liquid ammonia (15 ml.) in a beaker 
suspended in a slightly larger beaker. The excess 
ammonia was allowed to evaporate and the residue 
was purified in accordance with the procedure of 
Roblin and Clapp (8). Yield 51 mg. (0.23 mmole, 
56%); m. p. 258-259°. Reported m. p. 258-259° 
(8). 

Anal.—Caled. for C, 21.6; H, 2.7; N, 
25.2: S, 288. Found: C, 21.60; H, 2.77; N, 
25.06; S, 28.59. 

Radiochemical purity was established by means 
of paper chromatography, using a water-saturated 
butanol system. An autoradiogram of the chroma- 
tographic strip showed a single band of radioactiv- 
itv 

Radiochemical yield: 4.5 millicuries (18°, based 
on sulfur) 


SUMMARY 


1. Diamox with an S® label in the hetero- 
cyclic ring has been synthesized on a one milli- 
mole scale in 18 per cent overall yield from ele- 
mental sulfur-35 

2. The essential feature of this synthesis is 
its economy with respect to time, labor, and cost 
of starting materials. 
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The Activity of s-Diethylaminoethyl Diphenylpropyl- — 
acetate Hydrochloride on Ehrlich Ascites 
and Other Tumors" 


By B. L. FREEDLANDER and F. A. FRENCH 


8-Diethylaminoethy! dipheny!propylacetate 
hydrochloride (SKF 525A) inhibited the 
growth of Ehrlich ascites tumor and pro- 
longed survival time in Swiss-Webster mice. 
The carcinostatic action was greatly decreased 
upon delay in therapy after tumor inocula- 
tion. The above drug was without inhibitory 
action on leukemias L-1210 and L-4946, 
adenocarcinoma 755, and neuroblastoma 
C-i300. SKF 525A did not augment the 
effect of several known carcinostatic agents. 


DIETHYLAMINOETHYL DIPHENYLPROPYL- 
ACETATE HYDROCHLORIDE (SKF 525A)! has 
heen studied extensively as a potentiating agent 
on the action of many drugs (1, 2). Its poten- 
liating effect is largely one of slowing down the 
metabolism of certain drugs and hence prolonging 
their duration of action. SKF 525A blocks the 
degradation of diverse drugs by modifying the 
rate of a number of metabolic pathways. Meta- 
bolic steps which are modified include side chain 
oxidation, dealkylation, deamination, ether cleav- 
age and hydroxylation. Censequently it was 
felt desirable to test SKF 525A on a variety of 
mouse tumors, by itself, and in combination with 
known chemotherapeutic agents 


METHODS 


Female Swiss-Webster mice weighing 20-25 grams 
were inoculated with a 1:1 dilution of Ehrlich 
Hauschka ES ascites fluid taken from six-day 
tumors. The number of cells used was approxi- 
mately 10® in a O.1-ce. inoculum The drugs, in 
maximum tolerated doses, were given either intra- 
peritoneally or orally by stomach tube once daily, 
starting one or three days following tumor inocula- 
tion, as indicated in Table I. The method used 
was similar to that described by Suguira (3). The 
mice were weighed initially and then at weekly in- 
tervals. An equal number of control mice were used 
in each experiment. Two main criteria were used 
as indices of activity: extension of survival time 
of treated mice over that of the controls, and the 
weight of the ascites fluid at a fixed time after initi 
ation of the experiment. In the first type of ex- 
periment the 50°, survival time was used as an 
index of drug effectiveness. This was determined 
by plotting cumulative death on a probability scale 


* Received April 8, 1957, from the Research Laboratories, 
Mount Zien Hospital, San Francisco, Calif 
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SKF 525A was generously supplied by Smith, Kline and 


French Laboratories, Philadelphia, Pa 


against time on a linear scale and fitting a straight 
line. In the second type of experiment the ascites 
fluid weight was determined at fourteen days ac- 
cording to the method described by Suguira and 
Creech (4). Nitrogen mustard (HN) was used as a 
positive control. For the other tumors, leukemia 
L-1210 and adenocarcinoma 755 in F,-C57-dba 
hybrid mice, leukemia L-4946 in AKR mice, and 
neuroblastoma C-1300 in strain A mice, standard 
methods previously described were used (5). 


RESULTS AND DISCUSSION 
Results of the experiments are given in Tables 


I and II and Fig. 1. It is evident that the intra- 
peritoneal route of administration was better than 


99. 
4 
> 
90 
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Fig. 1.--The comparative effect of early and 
delayed therapy of SKF 525A and HN, on the 
survival time of mice inoculated with ascites tumor 


the oral route, and that a delay in therapy of three 
days nearly negates the effectiveness of SKF 525A 
In experiments wherein therapy was started only 
one day after tumor inoculation there was an 
average of approximately twelve days’ increase in 
50°, survival time over that of the controls; with 
therapy delayed three days the increase in survival 
time was insignificant. A measure of the spread in 
survival times, inversely proportional to the slope 
of the lines in Fig. 1, in a single experiment was 
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Tasvie |.—Errecr or SKF 525A on INCREASED SURVIVAL TIME IN AscriTreEs TUMOR 
Treat Mouse 
Dosage Started Wt. Incr 
Expt No mg. /Mouse No Days After Gm Days 
No Drug Mice Daily Route Treat Tumor Inoc. 10th Day 50% Survival 
SKF 525A 30 0.75 I.P. 6 1 0.6 24.12 7.0° 
I HN: 30 0.01 LP. 5 1 1.0 30.024 5.7 
Controls 30 “ 9.2 14.62 3.0 
SKF 525A 30 0.75 I.P. 6 3 5.9 14.62 4.0 
ll HN: 30 0.01 a 5 3 3.2 30.02 5.7 
Controls 30 14.62 3.0 
SKF 525A 20 0.75 I.P. 6 1 4.1 29.7 + 10.8 
Ill SKF 525A 20 1.5 Oral 7 1 10.2 17.72 32.0 
Controls 20 hails 10.7 16.62 1.5 


«@ The values given after the + signs are not standard deviations but are the differences between the 84% and 50° survival 


times (or 50% and 16°) obtained from linear probability plots 


This value is a measure of the average spread in survival 


time and is not a measure of deviation of survival time data from linearity. 


or SKF 525 
Dosage 

Expt No mg. / Mouse No 

No Mice Daily Route Treat 
I 20 0.75 LL}. 6 
Controls 20 
il 7 0.5 iP. 4 
Controls 8 
Ill 20 3.0 Oral 6 
Controls 20 


on the basis of accepted small sample formulas 


A on WEIGHT OF AscITES FLUID 
Treat Mouse Ascites Fluid 
Started Wt. Incr it 
Days After 10th Day 14th Day 
Tumor Inoc Mortality Gm Gm 
1 0 3.2 §.0 = 1.2¢ 
3 9.1 15.82+1.2 
1 3.7 
2 5.9 15.3 
1 2 4.1 11.8+0.8 
3 9.1 15.82 1.2 


« In experiments I and III the values after the + signs are standard deviations of the average ascites fluid weights computed 


6 Because of the small number of animals involved in Experiment II no deviations were computed 


+3.0 days for the controls, and +7.0 days for the 
treated animals. In contrast to SKF 525A, HN: 
was as effective by delayed therapy as it was on 
early administration. The results of therapy with 
SKF 525A by the two different indices of evaluation, 
namely survival (Table 1) and fluid weight (Table 
Il) are qualitatively in accord. Smears of the 
ascites tumor suspension from the treated mice, 
taken on the eighth day after inoculation and stained 
with Papanicolaou stain, showed very few tumor 
cells, which were almost all degenerated; smears 
from the control mice taken at the same time showed 
an abundance of tumor cells. 

Figure 1 gives a graphic comparison of results 
relative to time for early and delayed therapy by 
SKF 525A. It may be noted that in the delayed 
therapy group treated with SKF 525A no significant 
effect is discernible until over 70°) mortality is ob- 
tained. Then a significant straggling and delayed 
mortality can be seen. The average deviation of 
individual points from the straight lines, in days, 
may be taken as a measure of the appropriateness 
of this graphical mode of representation. The 
value of the scatter for the control curve is about 
+0.2 day and for the group which received early 
treatment the average scatter is about +0.6 day. 
The lowest line on Fig. 1 shows the results obtained 
with HN». A straight line gives only a fair repre- 
sentation of the data and there is a marked curva- 
ture and change of slope at about the 50°) mor- 


tality region. It may also be noted that, in contrast 
with SKF 525A, the effects of prompt and delayed 
treatment with HN; are not significantly different. 

SKF 525A was found negative against leukemia 
L-4946, leukemia L-1210, neuroblastoma C-1300 
and adenocarcinoma 755. Additional experiments 
were performed using combined treatment with 
SKF 525A and known chemotherapeutic agents. 
No additive or synergistic effects were noted on the 
above tumors treated with SKF 525A combined 
with HN», 6-mercaptopurine, urethane, amethop- 
terin, or 8-azaguanine. 

Experiments on this drug were originally per 
formed with the expectation of finding potentiation 
effects. These did not materialize. Instead, a 
highly specific action on the Ehrlich ascites tumor 
was found. The mechanism of this action is not 
known but may be ascribed, tentatively, to an al- 
tered oxidative metabolism. Further work is in 
progress on several related compounds and on com- 
bined action of SKF 525A with other agents. 
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The Effect of Various Sugars and Polyols on the 
Stability of Vitamin B,,” 


By MARTIN BARR, S. ROBERT KOHN, and LINWOOD F. TICE 


The stability of vitamin By. was studied in aqueous solutions of sorbitol, glycerin, 

dextrose, and sucrose. Solutions were kept at 25°, 45°, and 100° for periods up to 

one hundred and forty days. Vitamin B, content was determined spectrophoto- 

metrically using an absorption maximum of 361 my. It was found that vitamin B,. is 

compatible with sorbitol and glycerin at 25° and 45°. Dextrose and sucrose solu- 

tions were found to cause the loss of vitamin B,. in solution. Dextrose was more 
destructive to the vitamin than was sucrose. 


sean GLYCERIN, dextrose, and sucrose have 
been used in oral liquid preparations con- 
taining vitamin By. It has been reported that 
sorbitol and glycerin are compatible with 
vitamin By, while reducing agents such as 
dextrose and sucrose (after hydrolysis) are not 
(1,2). However, there is little information 
available indicating the degree to which dextrose 
and sucrose cause the loss of vitamin By. This 
led the authors to carry out studies on the 
stability of vitamin By, in solutions containing 
sorbitol, glycerin, dextrose, and sucrose over a 
period of time at different temperatures. 


EXPERIMENTAL 


Sterile solutions containing approximately 30 
meg. of vitamin By in 50% w/v solutions of sor- 
bitol,' glycerin,? dextrose,* and sucrose‘ were pre- 
pared in the following manner. 

One hundred grams of sorbitol, glycerin, dex- 
trose, and sucrose were dissolved in sufficient puri- 
fied water to make 1,985 ml., using a 2000-ml. volu- 
metric flask. The solutions were then sterilized in 
an autoclave by heating at 15 pounds pressure 
(121°) for twenty minutes. A stock solution con- 
taining 60 mg. of vitamin B,,° in purified water was 
prepared and sterilized by passing through a Selas 
filter.* Fifteen milliliters of the stock vitamin By 
solution were then transferred aseptically with a 
sterile pipet into each of the 2,000-ml. volumetric 
flasks containing the polyol or sugar solutions. The 
finished volumes of these solutions were then 2,000 
ml. and they contained approximately 30 mcg. of 
vitamin By, per ml. Ten-milliliter portions of each 
solution were then transferred into 10-ml. glass am- 
puls using a sterile, automatic filler.’ Sterile solu- 
tions containing only vitamin By, sorbitol, glycerin, 
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dextrose, and sucrose in purified water were also 
prepared and transferred into 10-ml. glass ampuls. 
These solutions served as blanks and controls in 
the study. The ampuls were sealed and a represen- 
tative number of each solution was tested for steril- 
ity using a fluid thioglycollate medium. All were 
found to be sterile. 

The effects of the polyols and sugars on the sta- 
bility of vitamin B,». were studied at three different 
temperatures. One series was maintained at 100° in 
an oven for forty-eight hours. A second series was 
kept at 45°, using a thermostat-controlled room for 
this purpose. A third series was maintained at 
room temperature (approximately 25°). The solu- 
tions which were studied at 45° and 25° were ob- 
served for a total of one hundred and forty days. 
Enough ampuls containing the solutions are avail- 
able to permit the continuation of this study for at 
least one year. 

The solutions in the ampuls were assayed periodi- 
cally in order to determine the extent of deteriora- 
tion of the vitamin B, in the presence of the polyols 
and sugars. The solutions were assayed for vita- 
min B,: content using the spectrophotometric assay 
in U.S. P. XV (3), which is based on an absorption 
maximum at 361 mp. The sorbitol, glycerin, dextrose, 
and sucrose solutions were used as blanks and the 
vitamin B,. solution was used asacontrol. All solu- 
tions for which a vitamin B,,. content is reported 
were found to exhibit ultraviolet absorption charac- 
teristics typical of the vitamin (3). 

The results of the stability studies are reported in 
Tables I and II, and in Figs. 1 and 2. 


RESULTS AND DISCUSSION 


The results indicate that, under accelerated test 
conditions of 100°, there was a marked loss in vita- 
min B,; content in all solutions containing the vita- 
min. 

There was a loss of nearly 70% in vitamin content 
in the dextrose solutions in eight hours and a dete- 
rioration of nearly 40° in the sucrose solutions in the 
same period of time. It was not possible to deter- 
mine the vitamin content in the dextrose and sucrose 
solutions after eight hours because of discoloration 
of the solutions due to caramelization. It was found 
that these solutions no longer exhibited the ultra- 
violet absorption characteristics of vitamin By». 

It is interesting to note that the loss of vitamin By 
in 50% w/v sorbitol and glycerin solutions was not 
as great as in purified water a.one at 100°. This 
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TABLE I. 

Storage at 25°, days 10 17 24 
Sorbitol 29.4 29.4 29.4 
Glycerin 29 29.4 29.4 
Dextrose 28.9 28.5 27.7 
Sucrose 29.4 29.4 29.4 
Purified water 29.4 29.4 29.4 
Storage at 45°, days 10 17 24 
Sorbitol 29.4 29 4 29.4 
Glycerin 29.4 29.4 29.4 


Dextrose 
Sucrose 


Purified water 29.4 29.4 29.4 
Storage at 100°, hours — 2 ay s 

Sorbitol 29.3 29.0 28.5 
Glycerin 29.1 28.5 27.9 
Dextrose 23.7 16.4 9.1 
Sucrose 25.2 22.4 
Purified water 29.0 28.4 27.2 


* Polyols and sugars are present in a concentration of 50% w/v. 


EFFECTS OF POLYOLS AND SUGARS* ON VITAMIN By (INITIAL CONCENTRATION 


SCIENTIFIC EDITION 651 


29.4 MCG./ML.) 


31 45 63 84 
29.4 29.4 29.4 29.4 
29.4 29.4 29.4 29.4 
27.3 26.7 25.8 24.4 
29.4 29.4 29.4 29.4 
29.4 29.4 29.4 29.4 
31 45 63 S4 112 140 
29.4 29.4 29.4 29.4 29.4 29.4 
29.4 29.4 29.4 20.4 20.4 29.4 
25.1 23.9 22.0 19.7 7.4 a 
27.0 25.0 24.7 23.1 21.4 ry 
29.4 29.4 29.4 29.4 29.4 29.4 
16 24 48 
27.6 28 24.9 
26.4 25.5 22.7 
b 
b b 
25.1 22.9 19.0 


+ It was impossible to analyze these solutions as they were discolored due to the caramelization of the sugars. 


TABLE II.—~-Loss, 


Storage at 25°, days — 10 17 24 

Sorbitol 0.0 0.0 0.0 
Glycerin 0.0 0.0 0.0 
Dextrose 1.7 3.1 5.8 
Sucrose 0.0 0.0 0.0 
Purified water 0.0 0.0 0.0 
Storage at 45°, days —~ 10 17 24 

Sorbitol 0.0 0.0 0.0 
Glycerin 0.0 0.0 0.0 
Dextrose 4.8 7.8 a. 
Sucrose 4.7 
Purified water 0.0 0.0 0.0 
Storage at 100°, hours ~~ 2 1 8 

Sorbitol 0.3 1.4 2.7 
Glycerin 1.0 3.1 §.1 
Dextrose 19.3 44.4 69.0 
Sucrose 14.0 23.8 39.1 
Purified water 1.4 3.3 7.5 


* Polyols and sugars are present in concentrations of 50° w 


IN %, OF VITAMIN By CONTENT IN SOLUTIONS CONTAINING VARIOUS POLYOLS 
SUGARS" (INITIAL CONCENTRATION- 


AND 
29.4 mcG./ML. VITAMIN By) 

31 45 63 84 112 140 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
oe 9.2 12.3 17.0 20.4 24.8 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
31 45 63 84 112 140 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
14.6 18.7 25.2 33.0 40.8 b 
8.2 11.9 16.0 21.4 28.2 b 
0.0 0.0 0.0 0.0 0.0 0.0 
16 24 48 

6.1 8.5 15.8 
10.2 13.3 22. 

b b b 
14.6 22.1 35.2 


+ It was impossible to analyze these solutions as they were ‘Giecslered due to the caramelization of the sugars. 


may be due to the fact that there is a lower concen- 
tration of water in these solutions which reduces the 
rate of hydrolysis, which is known to be involved in 
the deterioration of vitamin By. 

Dextrose and sucrose were the only substances 
which caused a reduction in vitamin By: content at 
45°. There was a reduction of about 40% caused by 
dextrose in one hundred and twelve days and a loss 
of nearly 30°% in the sucrose solutions during the 
same period of time. It was not possible to deter- 
mine the vitamin By. content of the dextrose and 
sucrose solutions stored at 45° for one hundred and 
forty days because of the decided discoloration of 
the solutions due to caramelization. These solu- 
tions no longer exhibited the ultraviolet absorption 
characteristics of vitamin By. 

Dextrose was the only substance which produced 
a loss in vitamin content in one hundred and forty 


days at 25°. The deterioration at this po ap esc 


was slow, but it did amount to about a 25% loss in 
vitamin content during this time. 

Spot microbiological determinations for vitamin 
By. activity were carried out on a number of the 
vitamin solutions stored at 25° and 45°. The 
results revealed that only dextrose and sucrose 
caused a reduction in vitamin By, activity. In this 
respect, the results were in general agreement with 
those obtained by the spectrophotometric method. 

The pH of the vitamin B,». solutions was between 
5.2-6.5. All solutions became more acid during stor- 
age. Those showing the greatest loss in vitamin 
content were also found to be reduced the most in 
pH. For example, the pH of the sucrose-vitamin 
By. solutions initially was 6.5 but, after storage at 
25° and 45°, their pH values were 4.3 and 3.6, re- 
spectively. The initial pH of sorbitol-vitamin B,» 
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solutions was 5.2, falling to 4.5 and 4.2 after storage 
at 25° and 45°, respectively. In this latter in- 
stance, the drop in pH was not accompanied by a 
loss in By, content 


CONCLUSIONS 


Based on one hundred and forty days of observa- 
tion, it is possible to reach certain conclusions con 
cerning the stability of vitamin B,, in the presence 
of various polyols and sugars. Dextrose is a reduc- 
ing agent and sucrose, after hydrolysis, becomes one. 


0-50% “Wy Sorbitol 
b- 50% Vv Glycerin 
c- Purified Water 

d-50% “AW Sucrose 


e-50% Dextrose 


Log Vitamin Bi2 Content mcg./mi 


10 20 30 40 50 
hours at 100° Cc 


Fig. 1.—Effect of various polyols and sugars on 
By at 100°. 


Both sugars caused a reduction in the vitamin By 


content of solutions. In this respect, the results 
reported here are in agreement with those of earlier 
workers (1, 2 Dextrose was more active in reduc- 
ing the vitamin B,. content in the solution than su 
crose for the probable reason that the latter must first 
undergo hydrolysis. Sorbitol and glycerin did not 
produce a loss in vitamin content except at a tem- 
perature of 100°. At this temperature, although 
there was a reduction of vitamin B,, content in sorbi- 
tol and glycerin solutions, it was less than the loss 
observed in the aqueous control. On the basis of 


a 


T 


a-50% YW Sorbitol and Glycerm 
ot 25° and 45° 

b-50% YW Sucrose ot 25° 

c- Purified Water at 25° and 45° 

4-50% Dextrose at 25° 

e-50% “YW Sucrose at 45° 

50% W Dextrose at 45° 


Log Vitamin Big Content meg /m! 


12 i i i 4 
20 40 60 80 100 120 140 
days ot 25°C and 45°C 


Fig. 2.—-Effect of various polyols and sugars on By 
at 25° and 45°. 


one hundred and forty days of study, it appears that 
both sorbitol and glycerin are compatible with 
vitamin By 


SUMMARY 


1. Studies have been carried out for a period 
of one hundred and forty days on the stability of 
vitamin By: in sorbitol, glycerin, dextrose, and 
sucrose solutions. 

2. Vitamin By was found to be compatible 
in sorbitol and glycerin solutions at 25° and 45°. 

3. Dextrose and sucrose were found to cause 
the decomposition of vitamin By in solution at 
25° and 45°. Dextrose was more destructive in 
its effect than sucrose. 
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Steroidal Sapogenins XLIII.* 


Survey of Plants for Steroidal Sapogenins and Other Constituents 


By MONROE E. WALL, C. S. FENSKE, H. E. KENNEY, J. J. WILLAMAN, D. S. 
CORRELL, B. G. SCHUBERT, and H. S. GENTRY 


This is a report of the chemical examination of the fourth 1,000 accessions in a sur- 
vey of plants for steroidal sapogenins and is thus a continuation of the reports on the 


first three 1,000 accessions (1-6). 


Data are given for 950 samples, representing 
100 families, 272 genera, and 432 identified species. 
genera, and 376 species are new in this series. 


Of these, 14 families, 151 
Quantitative data are given for the 


occurrence of 15 steroidal sapogenins, of which two, gentrogenin and correllogenin, 
are new. Qualitative data are given for the occurrence of these groups of constitu- 


ents: saponins, flavonoids, alkaloids, tannins, and unsaturated sterols. 


There is no 


previously published chemical information on about 50 per cent of the species 


T= IS A CONTINUATION of the previous re- 

ports (1-6) on the first three 1,000 acces- 
sions. It covers the fourth 1,000 plant samples 
in our survey of the plant world for steroidal 
sapogenins, and contains qualitative results for 
other constituents. In the collections, 
emphasis was again placed on species of Agave, 


some 


Dioscorea, and Yucca, partly because these genera 
are still the best sources of the steroidal sapo- 
genins, and partly because we have aimed to 
make the coverage of these three as complete as 
As a result, 


possible. Yucca is practically com 


plete; Agave is about 60 per cent complete, with 
Dio- 


scorea is rather complete as to North and Central 


160 reasonably available species covered; 


America, but the 53 species covered are not more 
than 9 per cent of the total in this world-wide 
genus. 


PROCUREMENT 


In continuation of the policy established earlier 
in this program, concentrated collecting was carried 
on for certain genera Agave, and Yucca 

particularly in Mexico, but also in Central and 
South America. Other collecting was concentrated 
on particular geographical rather than in- 
dividual plant-groups. Among these regions are 
included Cuba and the Virgin Islands, Chile and 
Peru, Turkey, South Africa, and the southeastern 
United States. Large collections of some genera 
under cultivation at the Plant Introduction Gardens 
at Glenn Dale, Md., and Coconut Grove, Fla., were 


Dioscorea, 


areas 
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In order to expedite the examination of such a large num- 
ber of plant materials, groups of workers were organized, 
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also supplied for testing. In all, 25 collectors sup- 
plied representatives of 101 families included in the 
1,000 samples analyzed. 


METHODS 


Since many of the sapogenin assays were made on 
repeat collections, we felt that a procedure some- 
what less precise but more rapid than the previously 
described methods (1, 10) would suffice. 

A crude sapogenin sample was obtained by acid 
hydrolysis and alkali purification as described pre 
viously (10). The total crude sample was dissolved 
in chloroform. An aliquot equivalent to approxi- 
mately 0.1 gram was taken, evaporated to dryness 
in a tared beaker and the residue accurately weighed 
From the value obtained, the total dry weight of 
crude sapogenin could be obtained. The residue 
was then acetylated, dried, and the weight of crude 
acetate obtained. An infrared determination was 
then carried out and the percentage of steroidal 
sapogenin calculated as described previously (10-12). 

The individual sapogenins were separated and de- 
tected by paper chromatography. For this purpose 
two systems were used. In both systems approxi- 
mately 500 micrograms of crude sapogenin (free 
hydroxyl forms) were placed on Whatman No. 4 
paper saturated with an immobile phase. For 
monohydroxy, nonketonic sapogenins the immobile 
phase was phenyleellosolve and the moving phase 
a mixture of 98 parts benzene and 2 parts methanol. 
In the case of ketonic or dihydroxy sapogenins the 
fixed phase consisted of propylene glycol and the 
mobile phase a mixture of 80 parts benzene, 15 parts 
cyclohexane, and 5 parts methanol. The color 
developing agent was an ethanolic olution of phos- 
phomolybdic acid 

By using a combination of infrared techniques 
and paper chromatography the sapogenins could be 
separated, identified, and listed as to major or minor 
constituent 


RESULTS 


A compilation of all data is given in Table I, page 
654, et seq. A summary of the steroidal sapogenins 
found in this series is given in Table IT, page 683, et 


seq. 
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CORRECTIONS ON First 1,000 AccESSIONS (2) 


Acces Acces 
Page No Should Read Page No Should Read 
l 909 Agave collina 7 739 Agave mescal 
l 956 Agave pruinosa 7 936 Agave pacifica 
1 616 Agave aff. schidigera 7 517 Agave polyacantha 
3 337 Agave mapisaga 7 521 Agave polyacantha 
3 331 Agave cantala 7 737 Agave rubescens 
3 Agave mescal 7 910 fgave schidigera 
3 968 Agave pacifica 7 515 Agave striata 
3 259 Agave vilmoriniana 7 523 Agave striata 
3 603 Agave vilmoriniana 7 530 Agave striata 
3 606 Agave vilmoriniana 7 730 Agave tequilana 
3 Agave vilmoriniana 7 732 Agave tequilana 
3 Agave vilmoriniana 7 733 Agave tequilana 
Agave flexis pina 7 738 Agave xalapensis 
4 Agave flexis pina 8 432 Agave cupreata 
4 Agave patonii 443 Agave cupreata 
4 Agave quiotifera S 428 Agave kirchneriana 
6 Agave augustifolia s 972 Agave aff. scabra 
6 4138 Agave angustifolia sargentit s 985 Agave aff. scabra 
6 860 {gave collina l 929 Sprekelia formosissima 
6 5S lave aff. crassispina 12 436 Bromelia pinguin 
6 116 lgave cupreata 12 456 Hechtia cf. podantha 
6 425 lyave aff. lecheguilla 17 449 Beaucarnea purpusti 
6 448 lave lecheguilla 17 98 Dasylirion texanum 
6 441 lgave mapisaga 17 200 Dasylirion wheeleri 
6 853 lgave marmorata 18 430 Dasylirion acrotriche 
6 53 leave mitraeformis 18 439 Dasylirion acrotriche 
6 457 Agave mitraeformis 18 531 Dasylirion acrotriche 
6 937 lyave pacifica 18 434 Dasylirion lucidum 
6 +19 Agave roezliana 18 971 Dasylirion wheeleri 
6 556 Agave subsimplex 18 954 Nolina durangensis 
6 St Agave verschaffeltii is 431 Nolina nelsonii 
6 S67 Agave verschaffeltii 19 976 Nolina juncea 
6 61s Agave yaquiana 19 961 Nolina juncea 
7 1 Agave angustifolia 19 447 Nolina nelsonii 
7 519 Agave americana 19 97 Nolina texana 
7 734 Agave collina 19 499 Ruscus hypoglossum 
: 7 731 Agave aff. cupreata 2 203 Yucca arizonica x Y. baccata 
7 736 Agave collina Vucca arizonica x Y. baccata 
7 740 Agave aff. cupreata 21 149 Yucca baccata vespertina 
7 O07 Agave aff cupreata 21 156 Yucca baccata ve spertina 
7 735 Agave fenzliana 2 746 Yucca sp 
7 922 Agave geminiflora 22 975 Yucca macrocarpa 
7 926 ve geminiflora atricha 2 87 Yucca arkansana 
7 516 leave lecheguilla x 970 Yucca rigida 
‘ 7 529 Agave lophantha 2: 120 Yucca torreyt 
7 Agave lophantha 24 450 Yucca australis 
7 Agave lophantha 24 Yucca australis 
7 Agave lophantha 24 Hesperaloe funifera 
F 7 Agave aff. lophantha 24 Yucca decipiens 
, 24 933 1 Yucca jaliscensis 24 4 Yucca periculosa 
24 778 Yucca peninsularis 24 514 Yucca sp 
‘ 24 773 Yucca peninsularis 24 so Yucca treculeana 
24 783 Yucca peninsularis 


CORRECTIONS ON Second 1,000 Accessions (4) 


Page Acces. No Should Read Page Acces. No Should Read 
2 1269 Agave mescal, var 12 1286 A podanthera palmeri 
2 1795 Agave aff. aurea 12 1336 . 1 podanthe ra palmer I 
2 Agave aff. aurea 12 ISS89 Vaximowiczia sonorae peninsularis 
2 Agave aurea 16 1538 Cnidoscolus aconitifolius 
} Agave aff. americana 16 1285 Cnidoscolus augustidens 
} Agave fourcroyde 16 1290 Cnidoscolus multilobus (probably 
lgave roseana 16 1539 Cnidoscolus multilobus (probably ) 
4 5 Agave roseana 16 11038 Cnidoscolus tepicensis 
a) Agave sobria 16 1547 Cnidoscolus tubulosus (probably ) 
5 Vanfreda oltverana 16 1051 Cnidoscolus urens 
: 6 1283 Thevetia ovata 16 146 Cnidoscolus urens 
1 1273 Amoreuxia palmatifida 21 1030 Smilax spinosa 
10 1281 Amoreuxia palmatifida 22 1866 Yucca valida, var. 
1G 1289 Amoreuxia palmatifida 23 1288 Martynia arenaria 
i 8 


‘ 


On page 5, at end of Amaryilidaceac, add: 1096 Polianthes geminiflora, Autian, Jal., Mex., 8/51, bu, +. 0.3 mi 
On page 12, at end of Convolrulaceac, add: 1013 Ipomoea sp., Nay., Mex., 7/51, t, +,0,0,0,0,.0. 1017 lpomoea sp., Nay 
Mex., 7/51, t + 0 0.0.0, 4 


= 
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Should Read 


Page Acces. no 
2373 Agave pruinosa 
2330 Agave stricta 


Agave tequilana 
Agave yaquiana 
Apave yaquiana 
Agave yaquiana 
Agave yaquiana 
Agave yaquiana 
Agave filifera 

Agave atrovirens, var. 
Agave aff. cochlearis 
Agave rhodocantha 
Agave aff. victorae-Re 
Agave aff victorae- Re 


Yucca arizonica 


TABLE II. 
ENINS BY SPECIES 


a Genin Content Agave SPP. 
Sam M. F. B., % Furcraea cabuya 
Species ples Min Max Furcraea s pp. 3 
CHLOROGENIN Manfreda sp. 7 
Agave marmorata 1 0.1 Yucca peninsularis 4 
Agave schottii 1 0.4 Yucca whipplet 1 
Agave spp 1 Tr. HECOGENIN 
Manfreda spp. 2 0.4 0.6 Agave angustifolia 1 
CORRELLOGENIN Agave applanata 1 
Dioscorea spiculiflora 2 0.2 Agave aurea , 4 
Dioscorea sp. 1 0.2 Agave aurea x sobria 1 
9-DEHY DROHECOGENIN Agave brandegect 
Agave cerulata 9 
Agave aurea 3 Tr. Agave desertii l 
Agave brandegeei 2 rr. Agave deweyana l 
Agave cerulata 3 Tr. Agave ferox 1 
Agave goldmaniana 2 Tr. Agave goldmaniana 3 
Agave mapisaga 1 Tr. Agave letonae 1 
Agave mitraeformis 1 rr. Agave lophantha 1 
Agave nelsonii 1 Tr Agave mapisaga 1 
Agave promontorii rr Agave mirabilis l 
Agave roseana l Tr. Agave mitraeformis 1 
Agave sobria l Tr Agave nelsonii 5 
A gave vexans l Ir. Agave pampaniniana l 
Manfreda sp. l Tr. promontorii 
9-DEHY DROMANOGENIN Agave roseana 
Agave aurea 2 Tr. Agave aff. schidigera 1 
Agave aurea x sobria 1 Tr. Agave sobria _ 5 
Agave brandegeei 3 Tr. Agave sullivanti 1 
Agave cerulata 7 Tr Agave toumeyana 2 
Agave desertit 1 Tr. Agave verschaffeltii l 
Agave goldmaniana 3 Tr. Agave vexans : 
Agave mirabilis 1 Tr. Agave spp 6 
Agave nelsoni 7 Furcraea spp. 6 
Agave promontorit 1 Tr. Manfreda sp. l 
Agave scabra 1 0.4 Yucca peninsularis 3 
Agave sullivanii 1 Tr. KAMMOGENIN 
toumeyana 0.1 Yucca filamentosa l 
Agave vexans r. 
3 Tr MANOGENIN 
DIOSGENIN gave applanata 
Aigave aurea 
Agave angustiarum l 0.2 Agave aurea x sobria l 
Manfreda Tr. Agave brandegeei 3 
Dioscorea bartiettii 2 0. i 0.4 Agave cerulata 9 
Dioscorea composita 10 7 10.1 Agave desertii 1 
Dioscorea macrostachya 3 0.1 1.5 Agave deweyana 1 
Dioscorea nelsonit 3 Ir 1.8 
Dioscorea platycolpota 0.4 


gina 


Allium haematochiton 


OCCURRENCE OF THE VARIOUS SAPOG- 
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Agave lechuguilla, var. 


Dioscorea 
Dioscorea 
Dioscorea 
Dioscorea 


Dioscorea 


Dioscorea 


Dioscorea 


"gina 


Agave brandegeet 
Agave cerulata 
Agave desertii 


TABLE II. 


Contd. 


Sam- 
ples 


DIOSGENIN 


polygonoides 
spiculiflora 
sylvatica 
tepina pensis 


GENTROGE 
spiculiflora 


1 


NIN 


GITOGENIN 


Agave fourcroydes 


Agave mirabilis 


Agave mitraeformis 
Agave promontorii 


A gave roseana 

Agave aff. schidigera 
Agave sobria 

Agave toumeyana 


Agave vilmoriniana 


Genin Content 
F. B., % 


Min Max. 


4 
0.4 0.7 
7 


0.05 0 


0.3 0 
Tr. 1 


Fe. 0.5 


Contd. page 684 


683 
CoRRECTIONS ON Tuirp 1,000 ACCESSIONS >) 
No. 
2328 
4 201 
0.3 
4 2101 2 o7 185 
4 2102 1 
2206 

6 2371 PF 4 0.2 
6 2325 EE sp. I 0.2 
6 2156 

6 2338 — 

6 2339 — 
20 2621 Tr. 
21 2512 Tr 

Tr. 

Tr. 

Tr. 

0.4 

0.8 

0.1 

0.1 0.7 

0.2 0.6 

0.3 

0.7 

7 

0.4 

7 

0.3 

Tr. 

0.2 

Tr. 

Tr 

0.4 

0.2 

Tr. 0.7 

0.4 

0.1 1.8 

Tr. 1.0 

0.1 0.3 

0.5 

0.4 0.5 

0.2 0.4 

1.5 

Tr. 0.2 

TY. 

0.1 0.5 

as 0.3 

Tr 

Tr. 

Tr. 

Tr. 0.5 

Tr. 
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TABLE II.—Contd. 


Genin Content 
M. F. B., ‘ 
Species 
MANOGENIN 
Agave ferox 1 
Agave fourcroydes 1 
Agave funkiana 1 
Agave goldmaniana 3 
Agave mirabilis l 
Agave nelsonii 
Agave promontorii 
Agave roseana l 
Agave scabra l 
1 


‘ 
‘ 


Agave aff. schidigera 
Agave sobria 

Agave sullivantt 
Agave toumeyana 
Agave vexans 

A gave spp 

Furcraea cabuya 
Furcraea spp 
Manfreda sp. 


MARKOGENIN 
Yucca schidigera l 
SARS ASAPOGENIN 
Agave sp 
Yucca schidigera 


Agave cf. funkiana 
Agave marmorata 
Agave vilmoriniana 
TIGOGENIN 
Agave applanata 
Agave aurea 
Agave aurea x sobria 
Agave brandegeei 
Agave cerulata 
Agave deweyana 
A gave ferox 
A gave foure roydes 
Agave funkiana 
Agave goldmaniana 
Agave letonae 
Agave lephantha 
Agave ma pisaga 
Agave mirabilis 
Agave nelsonii 
Agave promontorit 
Agave roseana 
Agave schottii 
Agave sobria 
Agave sullivanit 
Agave toumeyana 
A gave verse haffeltii 
Agave spp 
Furcraea cabuya 
Furcraea spp 
Manfreda spp 
Yucca peninsularis 
Yucca whipplei 
Yucca sp 
Y AMOGENIN 
Agave cf. funkiana 
Agave vilmoriniana 
Dioscorea bartlettt 
Dioscorea composita 
Dioscorea macrostac hya 
Dioscorea spiculiflora 
Dioscorea spp. 


Practically all Agave, Dioscorea, and Yucca con- 
tained saponins but the proportion of steroidal sa- 
pogenins was, respectively, 60, 34, and 80° >. 

Two new steroidal sapogenins are reported in this 
list. They are the isomeric gentrogenin and correl- 
logenin, from two lots of D. spiculiflora and from 
one unidentified Dioscorea) all from Chiapas, Mexico 
A preliminary description of their chemistry has been 
published (7). They always seem to occur with 
diosgenin and yamogenin. Two other new steroidal 
sapogenins have recently been found: ruscogenin 
from Ruscus aculeatus (8) and rhodeasapogenin from 
Rhodea japonica (9). 

A few new records of high content of sapogenins 
are reported: 1.85°, hecogenin in Agave promon- 
torit, 1.0°% manogenin in A. nelsenti, 3.2", smila- 
genin in A. vilmoriniana, and 2.1% yamogenin in a 
Diescorea Sp. | 

For the first time in this series ihe sapogenins of 
Furcraea could be identified. Tigdgenin, gitogenin, 
manogenin, and hecogenin were found —the highest 
total being 1.3%; 

Steroidal sapogenins are reported in 10 new spe- 
cies of Dioscorea and in 20 new species of A gave 

Flavonoids were found in 48 species, of which 42 
are new to the record 

Alkaloids were found in eight species, of which the 
following are new to the record: Urechites lutea 
(Apocynaceae); Albizsia polyphylla, Lupinus dif- 
fusus, L. villosus (Leguminosae ). 

Tannins were absent in the 53 species of Compos- 
itae so far examined. In the other families in the 
present list there are too few collections for generali- 
zations to be drawn. 

Unsaturated sterols continued to be of common 
occurrence 

Ficus is not a promising genus for the group of 
constituents sought in this series. Fifty-nine species 
have yielded practically nothing but sterols. Sim- 
ilarly, Agave, Yucca, and Dioscorea have given so 
few positive tests for all four nonsteroid groups that 
in the present series we have not made the tests. 
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No 
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0.9 
0.1 
0.4 
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Utilizing a simple technic, a good yield of 
pyrogenic materia! has been obtained from a 
strain of Aerobacter aerogenes. This dried 
product consistently elicits pyrogenic re- 
sponsé in rabbits in dilutions of approxi- 
mately 1:100,000,000 \(0.01 yug./ml.) and 
is relatively stable to dry heat when exposed 
to 120° for forty minutes. 


HUNDREDS of pyrogenic preparations 
have been described in the literature in the 
years that have intervened since Hort and 
Penfold (1), and Seibert (2) first recognized and 
investigated these often troublesome substances 
more than three decades ago. Since then much 
has been learned of their physical and chemical 
propertiés which, though varying to some degree 
in the individual materials isolated, have shown 
many characteristics in common. Moreover, 
information has accumulated recently which 
indicates that they have a possible place as a 
chemotherapeutic adjunct (3-6). In this con- 
nection, as well as in the interest of learning 
more of the basic mode of action of such a 
substance in the animal body, the present work 
has been undertaken. 

By means of a simple method an excellent 
vield of a high potency pyrogen has been obtained. 
It is heat stable, and varies little in the two 
separate batches prepared as to hygroscopic- 
itv and certain other physical properties. Its 
preparation, potency, and heat stability will be 
discussed in this preliminary report. 


MATERIALS AND METHODS 


The extraction method employed is essentially 
that suggested by Fischbach and Levine (7) of the 
Food and Drug Administration. A strain of Aero- 
bacter aerogenes (#114) isolated from a commercial 
streptomycin sample was the organism used. Car- 
boys of 20-liter capacity, provided with spargers 
and sterile air intakes and containing Koser’s' 
medium were seeded with this organism. At a con- 
stant temperature of 37° with minimum airflow 
agitation, growth was allowed to proceed for three 
to four days. At the end of this period, the entire 
contents was subjected to flash evaporation and re- 


* Received March 21, 1957, from the Division of Anti- 
biotics; Food and Drug Administration; Department of 
Health, Education, and Welfare; Washington, D. C 

! A simple Koser’s Citrate Medium (dehydrated) was used 
to avoid extraneous protein material (Difco Laboratories, 
Inc., Detroit, Mich.) 


A Potent Pyrogenic Extract Derived from a 
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duced to one-fifth of the original volume. Four 
volumes of acetone were added to the concentrate 
and mixed with a mechanical stirrer for one-half 
hour. The precipitate was allowed to settle over- 
night at room temperature and the supernatent 
fluid decanted and discarded. A small amount of 
water was added to the precipitate to form a slurry, 
and this mixture was poured into a side-arm suction 
flask. Ata temperature of 37° under reduced pres- 
sure, all of the residual acetone was boiled off. The 
mucoid material which separated out at this point 
was kept apart for future testing. The liquid por- 
tion was placed in the refrigerator overnight, and all 
formed crystals discarded. The remaining liquid 
was passed through a 3.5 x 120-cm. ion exchange 
column containing Amberlite® (MB-3) which had 
been suspended in distilled water and the water 
removed. The rate of flow of liquid through the 
column was approximately 5 ml. per minute. The 
material was allowed to flow until the column was 
three-quarters exhausted. The column was then 
emptied, refilled with Amberlite, and the remaining 
liquid passed through. The final pH of the liquid 
so treated was approximately 5.0. This was lyo- 
philized and the final, dried product subjected to 
grinding, using either a ball mill or mortar and 
pestle. The approximate yield of powder thus pre- 
pared was 5.0 Gm. from 240 liters of Koser’s citrate 
broth. 

A multiple dose method, proposed by one of us 
(RJR), utilizing single rabbits was employed in the 
determination of pyrogen titers. Beginning with 
the least amount of material in solution in any single 
test, four intravenous injections of increasing con- 
centration were made at two-hour intervals. Prior 
to the initial injection, a control temperature was 
taken and subsequent temperatures were measured 
at hourly intervals. The highest rise within each 
two-hour interval, compared to the control tempera- 
ture, was used to determine the pyrogen titer. Dose 
response in rabbits so treated was found to be re- 
producible within acceptable limits. 


RESULTS AND DISCUSSION 


Two batches of material were prepared and com- 
pared to a material presently used by this laboratory 
as a pyrogen “‘House Standard.’’ The latter was 
obtained by extraction from a strain of Pseudomonas 
aeruginosa in the manner here described. Each 
batch was tested in rabbits. The multiple dose 
method was checked in two instances by the injec- 
tion of single levels in several rabbits with good com- 
parative results. Table I shows the temperature 
rise obtained in rabbits injected with the indicated 
amounts of material. 

In order to determine the extent of any cumula- 
tive effect of this titration method in rabbits, sub- 
pyrogenic doses (on the basis of previously deter- 
mined pyrogenic titer) were injected into 10 rabbits 
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Taste I.—-Potency MuttipLte Dose Mernop. 
DEGREES TEMPERATURE RISE OBTAINED IN _ IN- 
JECTED RABBITS 


Hrs. after Control Temperature 


& 
ug. / ml 
0.005 0.01 0.02 0.04 
Batch | 0.3 O7 1.1 1.5 


0.4 0.5 1.1 
0.4 0.9 0.9 1.6 


Av." 0.36 0.70 1.08 1.60 


Batch 2 0.5 1.0 1.6 B® 
1.5 2.5 2.7 2.8 
0.9 1.5 2.2 2.6 
Av." 0.96 1.66 2.17 2.37 
0.04 0.1 02 10 


Present ‘‘House 
Standard” 0.2 0.5 O.8 1.4 


Av." 0.25 0.55 0.70 1.25 


@ The averages given for Batch | represent the multiple 
dose assay results obtained in three rabbits. Three rabbits 
were used to obtain the average figures for Batch 2 Two 
rabbits were used in obtaining the averages presented for the 
“house standard” material 


using the multiple dose technique. Of 40 tempera- 
ture observations made, nine gave rises of 0.6° or 
more, eight of the nine in the sixth and eighth hour. 
The same rabbits were retested after a two-week 
rest period. Of 40 temperature observations made 
on these, rises of 0.6° or more were observed seven 
times, all in the sixth- and eighth-hour period. It 
may be said that there is some indication of a cumu- 
lative pyrogenic effect using this method, although 
this in no way invalidates the responses observed in 
the greatest dilution utilized in thé test, since here no 
prior injection had been made. As far as pyrogen 
tolerance is concerned, it is not thought, on the basis 
of present knowledge, that this can be built up in a 
matter of hours. Days at least are required before 
resistance to these materials appears in rabbits. 

In order to determine the heat stability of these 
materials, weighed aliquots were heated in an oven 
for forty minutes at 120°. Table II compares the 
pyrogenic rise obtained in different batches under 
these conditions 

It can be seen from these results that activity 
remained in both batches after heating, although it 
was necessary to increase injected amounts from 
two- to eight-fold in order to elicit a pyrogenic re- 
sponse. This indicates a relatively heat-stable 
product when compared to the present pyrogen 
“house standard,’ which, when increased ten-fold 
in concentration failed to give temperature rises in 
rabbits, under similar conditions. The batches of 
A. aerogenes pyrogen were much alike in their initial 
high activity in rabbits and heat stability under the 
conditions imposed, and differed only slightly in 


TaBLe Il.—Hear StraBitity. DEGREES TEMPERA- 
TURE Rise ELIciITED IN RABBITS BY MATERIAL 
HEATED FOR FortTY MINUTES AT 120° 


Hrs. after Control Temperature 
2 ' 


ue. /mi 
001 002 004 
Batch 
re 0.4 0.6 0.7 1.3 
2 0.2 0.4 0.7 90.9 
0.2 04 1.0 20 
Present “‘House 
Standard’ 9.3.62 63 
0.1 0.0 0.2 0.4 
Av. 0.15 0.15 0.25 0.45 


@ In single rabbits Batches | and 2 gave the indicated tem 
perature rises above the control temperatures. The “house 
standard” material was tested in duplicate 


CHEMICAL ANALYSIS 
(Per Cent) oF THREE PYROGEN PREPARATIONS 


“House 

Standard” 

Batch 1 Batch 2 Pyrogen 

Moisture 7.78 7.57 5.52 
Nitrogen 8.74 6.80 9.06 
Hydrogen 7.58 7.64 6.94 
Carbon 47.72 46.56 46.60 
Sulfur 0.78 0.49 0.69 
Phosphorus 0.85 0.94 3.74 


their physical properties. Table III presents their 
elemental chemical analysis and moisture content 

Toxicity tests performed intravenously in 19-21 
Gm. mice gave an LD® of 500 yg./mouse and an 
LD™ of 5000 ug./mouse in forty-eight hours. The 
material has not been tested for antigenicity. 

The activity of these pyrogen preparations repre- 
sents a 20- to 40-fold increase in activity over the 
Pseudomonas preparation presently in use as a 
“house standard’’ and compares favorably with the 
most active preparations reported in the literature 
thus far (8-10) 
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A Rapid Chromatographic Assay of Acetylsalicylic 
Acid, Acetophenetidin, and Caffeine’ 


By JOSEPH LEVINE 


A rapid procedure for the total analysis of acetylsalicylic acid, acetophenetidin, and 
caffeine by a modified partition chromatographic technique is presented. Aceto- 
phenetidin and caffeine are separated in a manner similar to previous chromato- 


graphic separations. 


Acetylsalicylic acid and any salicylic acid formed by hydrol- 


ysis are wennes on a segment of the column in which sodium bicarbonate is the 


immobile p 


ase; these acids are released and eluted by a chloroform solution of 


acetic acid. The concentrations of each substance are measured spectrophotometri- 


cally. 


A NOTARLE IMPROVEMENT in the determination 
of acetylsalicylic acid, caffeine, and aceto- 
phenetidin (APC) was achieved by Higuchi and 
Patel (1), who applied partition chromatography 
to the previously lengthy separation of the latter 
two components. After an initial separation of 
acetylsalicylic acid from the mixture by con 
ventional shake-out techniques, they chromato- 
graph the two-component mixture over a silicic 
acid-water partition column. Isopropyl ether is 
used to elute the acetophenetidin, and chloro- 
form to elute the caffeine 
Modifications of this procedure were introduced 
by Banes (2) and by Smith (3), who substituted 
Celite® 
Banes (2) used ethyl ether in place of isopropyl 


for silicic acid as supporting phase. 


ether for the acetophenetidin elution 

In the procedure herein described, chromato- 
graphic separation of all three components is 
without preliminary shake-out. 
Partition is effected over a duplex column with 
4 \ sulfuric acid being used as stationary phase 


achieved any 


on k Wer segment of the column, and | .V 
sod n bicarbonate on the upper segment. 
Cc! e is used as supporting phase. Smaller 


quantities of adsorbent are used than in the 
previous procedures; 2 Gm. of Celite and 2 ml. 
of immobile phase are used in each segment. 
Use of the smaller amounts simplifies the prepara- 
tion of the column and permits a very rapid flow 
of eluate. 

The very strong acid solution is used to effect 
caffeine during the 
water as 


complete entrapment of 
elution of acetophenetidin 
stationary phase, caffeine is incompletely trapped. 
Slight leakage results even when 2 .V hydrochloric 
acid is used, as in Banes’ procedure (2). With 
the 4 N sulfuric acid, however, no trace of 
caffeine is removed by the solvent used to elute 


Using 


* Received March 18, 1957, from the Department of 
Health, Education, and Welfare; Food and Drug Adminis 
tration, Bureau of Biological and Physical Sciences, Division 
of Pharmaceutical Chemistry, Washington, D. C 


The complete analysis may be carried out in one hour. 


the acetophenetidin. The caffeine is readily 
e uted from the acid, after removal of the aceto- 
phenetidin, by chloroform 

The sodium bicarbonate phase traps both 
acetylsalicylic acid and any salicylic acid formed 
The acidic mate- 
rial is recovered, subsequent to the removal of 
acetophenetidin and caffeine, by elution with a 
solution of acetic acid in chloroform which neutral- 
izes the sodium bicarbonate constituting the im- 


by hydrolysis in the tablets. 


mobile phase and liberates the free acids. No 
hydrolysis of acetylsalicylic acid occurs during 
the separation. 

Measurements of the isolated components are 
made spectrophotometrically. The eluates con- 
taining caffeine and acetylsalicylic acid are col- 
lected in volumetric flasks and read directly; 
the acetophenetidin eluate is evaporated and the 
residue dissolved in a chloroform-isooctane mix- 
ture to a concentration suitable for measurement, 
The absorption maxima of both acetylsalicylic 
acid and salicylic acid in chloroform shift to 
higher wavelengths and increase in intensity when 
acidified; this parallels the increase in aqueous 
solution upon acidification. Hence, a sufficient 
excess of acetic acid is used in the eluent to pro- 
vide an adequate concentration in the eluate. 

The sample is prepared for introduction onto 
the column by placing a weighed portion of 
powdered tablet into a volumetric flask, mixing 
thoroughly with chloroform containing a small 
amount of acetic acid, and adjusting to volume. 
Without separation of insoluble excipient mate- 
rial, an aliquot is diluted with ether and passed 
directly onto the column. The acetic acid is 
added to convert any acetylsalicylic acid salt 
which may be present to the free acid. 

The procedure is very rapid. Solvent flows 
through the column at a rate approximating 5 to 
10 ml. per minute. The entire chromatographic 
separation, from the time of introduction of the 
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TABLE I 
-Acetophenetidin Caffeine Acetylsalicylic Acid Salicylic Acid 
Added, Found, Added, Found, Added, Found, Added, Found, 
Mx Ig Ig Mg Mg Me Me 
2.50 2.45 0.50 0.49 5.00 4.95 0.00 0.004 
2.50 2.45 0.50 0.49 5.00 5.06 0.00 0.00 
2.50 2 46 0.50 0.49 4.00 3.97 0.37 0.48 
2.50 3.53 0.50 0.50 5.00 5.01 0.76 0.82 
2.50 2.51 0.50 0.49 0.00 0.00 1.89 1.88 
TABLE II 
Acetophenetidin, Grains per 
Tablet Caffeine, Grains per Tablet—- Acetylsalicylic Acid, Grains per Tablet — 
Found Found Found - 
Present N. F. X Present N. F. X Present N. F.X 
Sample Labeled Assay Assay Labeled Assay Assay Labeled Assay Assay 
Intact Hydrolyzed Total 
A 2.50 2.40 2.61 0.50 0.46 0.438 3.50 3.61 0.00 3.61 3.40 
2.42 0.49 3.60 0.00 3.60 
B 2.50 2.33 2.54 0.50 0.49 0.44 3.50 3.37 0.12 3.49 3.038 
2.40 0.50 3.33 0.13 3.46 
Oi 2.00 2.08 2.24 0.25 0.25 0.25 3.00 2.43 0.53 2.96 2.98 
2.07 0.26 2.42 0.54 2.96 


®@ Sample C contains aluminum hydroxide and flavor. 


sample until the passage of the final eluate, re- 
quires approximately one-half hour and an entire 
analysis, including the weighing of the sample 
and the spectrophotometric readings, can be made 
in about one hour. 


PROCEDURE 


Preparation of Sample.—-Ascertain the average 
weight per tablet. Grind to a fine powder a suffi- 
cient number of tablets to provide a representative 
sample. Transfer a weighed sample containing ap- 
proximately 50 mg. acetylsalicylic acid to a 50-ml. 
volumetric flask. Add 30 ml. U. S. P. chleroform 
and shake thoroughly. Add 0.1 ml. glacial acetic 
acid and make to volume with chloroform. 

Chromatographic Column.—-The column is made 
of a 25 x 200-ml. t--* tube to which is attached an 
approximately 5 cm. length of 6-8 mm. tubing 
The tamping rod consists of a disk of stainless steel, 
aluminum, or glass, with a diameter 1 mm. less than 
that of the column, attached to a rod 12 to 18 inches 
long 

Pack fine glass wool in the base of the column to 
act as a support. 

To 2.0Gm. Celite 545' in a glass mortar add 2.0 ml 
of approximately 4N H,SO, (9 H,O -- 1 coned. 
H,SO,). Incorporate thoroughly by kneading with 
a flexible spatula blade. Transfer to column and 
tamp, using gentle pressure, to compress the ma- 
terial to a uniform mass. In like manner, mix 2.0 
Gm. Celite with 2.0 ml. of approximately 1 N 
NaHCO, and place in column above the foregoing 
contents. Wash column with 15-20) ml. water- 
washed ether and discard washings. 

Assay.—( Use water-washed solvents in the ensu- 
ing procedure.) Dilute 5.0 ml. of samp'e prepara- 
tion with 20 ml. ether and pass over column. After 
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last portion of this solution has passed onto the ad- 
sorbent, wash with five 5-ml. portions of ether, 
allowing each portion to pass into the adsorbent prior 
to the addition of the ensuing one. Rinse tip of 
outlet tube with chloroform and evaporate the total 
eluate to dryness on steam bath in a current of air. 
This fraction contains the acetophenetidin. Dis- 
solve the residue in 5 ml. chloroform and make to 
volume with isooctane in a 50-ml. volumetric flask. 

Immediately after passage of last portion of ether 
through the column replace receiver with a 50-ml. 
volumetric flask. Pass 48 ml. chloreform through 
column, rinse tip with chloroform, and dilute eluate 
to volumc. This fraction contains the caffeine. 

Replace receiver with 100-ml. volumetric flask. 
Pass a solution of 0.5 ml. glacial acetic acid im 5 ml. 
chloroform through the column followed by 90 to 
92 ml. of a 1°) solution of acetic acid in chloroform 
and dilute to velume. This fraction contains both 
acetylsalicylic and salicylic acid. 

In a suitable spectrophotometer, read the absorb- 
ances of the solutions. Compare the values ob- 
tained with those determined simultaneously on 
solutions of the pure materials. Chloroform con- 
taining 1°) acetic acid is used for the solutions of 
salicylic acid and acetylsalicylic acid. The latter 
standard must be prepared daily 

The absorbance of acetophenetidin at a concentra- 
tion of 50 meg. per ml. is about 0.505 at 284 my; of 
caffeine at 10 mcg. per ml., 0.485 at 276 my; of 
acetylsalicylic acid at 100 meg. per ml., 0.790 at 280 
my and 0.010 at 310 mg; and of salicylic acid at a 
concentration of 25 meg. per ml., calculated as 
acetylsalicylic acid, 0.113 at 280 my and 0.573 at 
310 maz. 

For practical purposes, the concentrations of 
acetylsalicylic and salicylic acids in a mixture can be 
calculated by neglecting the absorbance of acetyl- 
salicylic acid at 310 my and attributing the entire 
absorbance at this wavelength to salicylic acid. 
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From this value, the absorbance due to salicylic acid 
at 280 my can be calculated, and deducted from the 
total absorbance at this wavelength; the remainder 
can be considered to be the absorbance of the acetyl- 
salicylic acid. 

For greater precision, a second approximation may 
be made: from the concentration of acetylsalicylic 
acid calculated above, the absorption at 310 my 
due to the salicylic acid can be calculated and de- 
ducted from the total absorption at 310 mg. From 
the resultant value, a more exact value for the con- 
centration of salicylic acid may be made, and, from 
this, a correspondingly more exact value for its ab- 
sorption at 280 my, is calculated, thereby obtaining a 
truer value for the absorption due to acetylsalicylic 
acid at 280 mu. 


RESULTS 


Mixtures of acetylsalicylic acid, acetophenetidin, 
caffeine, and salicylic acid were assayed by the above 
procedure. Recoveries are shown in Table I. 

Three commercial samples of acetylsalicylic acid, 
acetophenetidin, and caffeine tablets were assayed 
by the present procedure and by the National For- 
mulary X procedure. Sample C, containing alumi- 
num hydroxide and flavor, formed intractable emul- 
sions when the chloroform extract prepared accord- 
ing to the N. F. procedure was extracted immedi- 
ately. Upon standing overnight, flocculent material 
separated in the extract; after filtration of this solu- 
tion, extraction resulted in moderate emulsification. 
This sample offered no difficulty in the present pro- 
cedure. Results of the analyses are presented in 
Table II. 
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DISCUSSION 


The procedure herein described differs markedly 
from conventional partition chromatographic tech- 
niques in that it provides for the alteration of the 
nature of the immobile phase as a step in the process, 
while in the earlier techniques the constitution of im- 
mobile phase remains unchanged. The versatility 
of partition chromatography is thus broadened to 
permit separations not previously possible. Thus, in 
the separation described, the sodium bicarbonate in 
the immobile phase functions as a trap to immobilize 
acetylsalicylic acid while the other components of 
the mixture are removed. In the ensuing step, the 
immobile phase is changed via neutralization by 
acetic acid which is introduced as a component of the 
eluant; the immobile phase, which now consists of 
sodium acetate, releases the acetylsalicylic acid for 
elution by the eluant. 

In samples in which acetylsalicylic acid has become 
partially hydrolyzed, both the intact and the hy- 
drelyzed portions are determined individually. 

Preliminary experiments now in progress show 
that in a like manner the converse process is feas- 
ible: a strongly acidic immobile phase may be used 
to trap alkaloidal compounds, which in turn are lib- 
erated by a solution of an aliphatic amine. These 
will be reported in a forthcoming publication. 
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Triazine Mercurial Diuretics* 


By SEYMOUR L. SHAPIRO, VINCENT A. PARRINO, and LOUIS FREEDMAN 


A series of mercurated N-allylguanamines 
has been prepared and pal ties | as mercurial 
diuretics. The experimental data reflect that 
compounds of varying diuretic activity are 
obtainable by appropriate group variation 
within 1. Diuretic activity is also found in a 
series of tris-mercurials synthesized by mer- 
curation of tri-allylcyanurate. 


’ | ‘WE MANY YEARS of clinical experience with 
mercurial diuretics have established that such 
drugs used with proper precaution are remarkably 


* Received April 2, 1957, from the Research Laboratories 
of the U. S. Vitamin Corporation, Yonkers, N. ¥ 

Presented at the Meeting-in- Miniature, New York Section, 
American Chemical Society, February 15, 1957 

The authors are indebted to Dr. G. Ungar and his staff for 
the pharmacologic screening of the compounds 


effective (1). However, numerous instances of 
untoward side effects (2) associated with such 
therapy have been a deterrent to wider usage as 
well as a stimulus (3) to the medicinal chemist to 
prepare improved mercurials. 

Since the discovery of mercurial diuretics by 
Vogl (4) in 1919, many compounds have been re- 
ported in which desirable improvements in sta- 
bility (5), safety (6), tolerance (7), potency (8), 
solubility (9), oral effectiveness (3, 10), and com- 
binations of these factors have been achieved. 

With few exceptions the mercurial diuretics in 
clinical usage are derivable from mercuration of 


690 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLVI, No. 11 


an allylamide structure of the type, D-NH- 
CH,-CH(OY)-CH,-HgX, wherein D 1s an organic 
nucleus affording a point of attachment for the 
mercurated allylamine linkage. 

This investigation was concerned with the syn- 
thesis of new mercurials embodying the s-triazine 
ring in an attempt to obtain compounds effec- 
tive as diuretics at low dosage levels. In par- 
ticular, the nucleus D was varied to embody the 
formoguanamine nucleus, known to have diu- 
retic activity per se (11) and the acetoguanamine 
nucleus which manifests only slight diuretic 
activity (12) 

Typical of the structures prepared is I: 


R; 
H.N 


| 
OY 


which was obtained by the following sequence of 
reactions: The allylamine hydrochloride (RX; = 
H anc ‘H;) was fused with dicyandiamide to 
vield biguamide (13) which in turn was 
cychzed with ethylformate (14) (R, = H) or 
acety! chloride (15) (Re = CHs) to the triazine 
II. In the case R; = H and R; = CH; cyeliza- 
tion to the triazine II, Ry = H was effected with- 
out isolation of the biguanide. Treatment of 
Ii with mercuric acetate (8) in the solvent YOH 
(Y = H, CHs, C.H; and n-C;H;) 


Re 


R, 
N NH-—CH,—CH=CH, 
(II) 


with probable mercuration at the terminal car- 
bon atom (16) gave I isolable as I, X = OAc or 
OH. Conversion of I, X = OAc or OH to X = 
theophylline, carbonylsalicylamide (1,3,2-benz- 
oxazine-2,4-dione) ,8-methylcarbonylsalicylamide, 
chloride, bromide, ascorbyl and potassium acid 
fluoride was effected in an aqueous system. The 
use of X = carbonylsalicylamide (17) evaluated 
a group, which in molecular size and character of 
mercurial bonding, was analogous to the theo- 
phylline linkage which has been reported to re- 
duce toxicity (18) in certain diuretic structures. 

Ascorbic acid has been reported to have a fav- 
orable effect on mercurial diuresis (19) and this 
suggested the use of X = ascorbyl. Finally, the 


inhibitory effect of fluoride ion on enzyme sys- 
tems, coupled with the role of enzymes in the 
mode of action of mercurial diuretics (20, 21) 
indicated investigation of a mercury fluorine 
linkage. 


DISCUSSION 


The compounds prepared were evaluated paren- 
terally in dogs and the data has been summarized in 
Table I. 

Certain structural relationships are admissible 
upon inspection of the pharmacological data. The 
compounds I, Re =H, have acute subcutaneous toxic- 
ities, probably about twice as great as those in mer- 
curials now in clinical use (22) while I, Ry = CH; 
compounds are probably more toxic. In general, 
variants of I, Re = H, show a more favorable diuretic 
response than I, Re = CH; (compounds | vs. 17; 
2vs. 18; 5vs. 22; however, see 20 vs. 4). 

Correlation of structure and activity indicates 
that Y = CH; is associated with the same favorable 
pattern (compounds 5 vs. 3, 11, 13; 21 vs. 18) that 
has been found by others (23, 24). The use of R, 
= CH; as compared to R; = H (compound 15 vs. 
5) did not have the favorable effect on diuresis noted 
by Rowland et al. (8b), in their series. Variation of 
X yielded considerable differences in response in the 
group I, R. = H, X = theophylline, carbonylsali- 
cylamide and chlorine were the most potent (com- 
pounds, 5, 6, 7 vs. 4, 8; 3, 2 vs. 1) while in the cate- 
gory I, R; = CH;, X = OAc showed the best re- 
sponse (compounds 17 vs. 18, 19; 20 vs. 21, 22). 
The fluoride derivative (compound 8) was not as 
effective as some of its structural analogs (com- 
pounds 5, 6, 7), although it had a pronounced diu- 
retic effect. The ascorbyl derivative (compound 9) 
was not tested. 

While the findings with selected I (compound 5) 
in these animal experiments parallel the oral and in- 
travenous diuretic activity of 3-chloromercuri-2- 
methoxypropyl urea, the most potent mercurial in 
clinical use, the hazards of translation of results of 
animal testing to human use (23, 25) are well recog- 
nized 

Diuretics containing two (26, 27) and three (27) 
mercury atoms per molecule have been prepared. 

An additional phase of this work entailed the prep- 
aration of triazine polymercurials derivable from 
triallyl cyanurate to give structures of the type III, 
containing three mercury atoms per molecule: 


A, 
H 
| Z =—CH,;—C—CH,;—HgX 
| 
OY 
(111) 


In this series Y was varied as CH; and C.Hs;, and 
the compounds isolated as III, X = OH which was 
converted to III, X = theophylline. The diuretic 
response in rats obtained with III, Y = CHs;, and 
X = theophylline, was considerably better than that 
obtained with a comparable dosage level of mercuro- 
phylline. 


(1) 
|_| 
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TABLE 1.—MERCURATED ALLYL TRIAZINES 


H.N NH—CH,—C—CH,—HgX 
OY 
Compound M. p.,* Nitrogen, “)> 
No xX Formula Caled Found LD min.¢ Ad(S. E.) 
Ri, R: = H 
| H OAc 127 16.3 16.0 50 79 (1.4) 
2 H Cl 191 CoH pClHgN;O 8.8/ 8.9 25 58* 
3 H Th 129 CyHywHgN,O; 23.0 23.0 50 78 (6.2) 
4 CH; OAc 181 CyH,HgN;O; 15.8 15.9 50 62(8.6) 
5 CH; Th? 117 22.3 22.2 40 119(4.9) 
6 CH; 113 gNeO, 15.5 15.6 50 99 (7.4) 
7 CH; MCS* 108 30 104(5.8) 
bd CH; KF,’ 148 CyHyFeHgKN;O; 14.1 13.4 50 81(5.1) 
9 CH; Asc* 108 CisHipHgN;O, 12.5 12.7 
10 OAc 122 15.4 15.4 92 (6.2) 
11 C:H;,; Th? 110 CyHa»HgN,O,; 21.9 21.6 100 64(8.6) 
12 n-C;H; Br 168 CyH,BrHgN,O 144.3 14.1 
1: n-C;H; Th? 182 100 50 
= CH; 
Re =H 
i4 CH; OAc 125 CyHyHgN,O; 15.3 
15 CH; The 108 20.5 21.3 50 106 (3.3) 
16 CH; KF,’ 115 CyHisF2-HgKN,O; 13.7 7 
Ri =H 
Re = CH: 
17 H OAc 132 C,H), HgN;O,;" 30 58° 
18 H Cl 212 C;HpClHgN,O 16.7 16.1 20 44° 
19 H Br 209 C;H,»,BrHgN,O 17.3? 18.1 30 42° 
20 CH; OAc 149 CywHyHgN,O 15.4 14.8 25 72° (6.4) 
21 CH, Cl 179 Cy,H,; .ClHgN,O 8. 2/ 8.5 20 50° 
22 CH; Th? 124 gO; 6 20 51° 
3-Chloromercuri-2-methoxypropy! urea 60 97 /61° (10.2/7.4) 
Mercurophylline 48 (3.2) 
Control test (no drug given) 43 (4.9) 


@ Melting points are all with decomposition and are not corrected. All of the melting points of these mercurials, and those 
listed in the experimental section were characterized by long initial range of faint darkening and a point of definitive darkening 
followed by a long range of gross decomposition. The point of definitive darkening has been listed as the melting point. The 
compounds would not recrystallize from the usual solvents, although most of them were very soluble in water >» Analyses by 
Weiler and Strauss, Oxford, England © The acute LD min. (minimal lethal dose) was established in mice by subcutaneous 
administration of a solution of the compound and is expressed in mg./Kg. (8-16 mice per test). 4@ Screening for diuretic 
activity was established in dogs by intravenous injection using the calculated amount of compound to give a test level of 0.5 
mg. mercury/Kg. The dogs were dehydrated for twenty-four hours and catheterized just before testing; they were then 
force fed 0.9% saline at the level of 25 ml./Kg. and the compound administered. The volume of urine voided was collected at 
five hours post-injection and the activity (A) expressed as percentage diuresis calculated on the basis of the following formula 
Diuresis, “ = (Urine volume at 5 hr./Saline volume given at 0 hr.) X 100. Each result + expressed as the average response 
of six dogs. ¢ Compound evaluated at 0.25 mg. mercury/Kg. Standard error = (S. E /Chliorine analysis. %7-Theo 
phylline derivative. *3 derivative ‘3-(8-Methyle derivative.—Caled Cc, 
34.4; H, 3.2. Found 35.4; H, 3.6 i Dihydrate, compd &—Caled C, 17.0; H, 3.2. Found: C, 17.0; H, 3.5. 
Compd. 16—Caled is 8; H, 3.5. Found: C, 18.7; H,3.5. &1-Ascorbyl derivative, nature of bonding not 
'Caled.: C, 32.6; H,3.9. Found: C, 31.8; H,4.0. mDihydrate—Caled.: C, 20.3; H, 4.1. Found: C, 29.0; H, 

» Caled.: C, 24.5; H, 3.4 eq: C, 24.3; H,3.8. e Bromine an a ysis—At 5 mg. mercury/Kg. orally in two dogs, 7 
diuresis (five hours), compd. 5, 113%; 3 chloromercuri-2 methoxypropyl urea, 122% 


EXPERIMENTAL' N-Allylformoguanamine (from Allylbiguanide Hy- 

Allylbiguanide Hydrochloride.A mixture of drochloride).—A solution of 6.0 Gm. (0.033 mole) 
94.7 Gm. (1 mole) of allylamine hydrochloride and — of allylbiguanide hydrochloride in 30 ml. of methanol 
84 Gm. (1 molec) of dicyandiamide was fused over a Was treated with a solution of 0.8 Gm. (0.033 mole) 
four-hour period in an oil bath maintained at 135 of sodium in 20 ml. of methanol. Ethyl formate 
165°. The solid reaction prodw t obtained after (3.5 ml.) was added to the cooled solution and the 
cooling was recrystallized from 500 ml. of boiling reaction mixture maintained at 20° for seventy-two 
ethanol (carbon) yielding 83.1 Gm. (47%), m. p. hours. After addition of 100 ml. of water and re- 
171-181°. Reerystallization from propanol gave moval of the methanol, 4.4 Gm. of product sep- 


n. p. 178-179°. arated. Recrystallization from acetonitrile gave 
Anal.—Caled. for C;H»CIN;; C, 33.8; H, 6.8. 2.3 Gm. (46%), m. p. 148-149° (28). 
Found: C, 33.4; H, 7.2. Anal.—Caled. for CsHsN;: C, 47.7; H, 6.0 


found: C, 47.5; H, 5.9 
' Descriptive data shown in the table is not reproduced in Found C 40 i : 
the Experimental Section. The picrate prepared from a methanol solution 
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with aqueous picric acid, recrystallized from water, 
melted at 194-195° 

Anal.—Caled. for CysHwNsO;: C, 37.9; H, 3.2 
Found: C, 37.6; H, 3.2. 

N-Allylformoguanamine (from Allylamine Hy- 
drochloride).—-Fusion of allylamine hydrochloride 
and dicyandiamide as above was effected. The re- 
action mass was solubilized in methanol equiva- 
lent quantity of sodium methoxide adde ., followed 
by ethyl formate and the N-allylformoguanamine 
isolated as above in 50°) yield, m. p. 146-147° 
(isopropanol), not depressing the melting point of 
the compound isolated starting with pure allylbi- 
guanide hydrochloride; mixed m. p. 146-147°. 


N-Allylacetoguanamine...To a suspension of 
35.5 Gm. (0.2 mole) of allylbiguanide hydrochloride 
in 100 ml. of acetonitrile was added a solution of 
16.8 Gm. (0.4 mole) of sodium hydroxide in 100 ml 
of water. The two-phase system was stirred and 
cooled (5°) during the addition of 17 Gm. (0.22 
mole) of acetyl chloride over thirty minutes. Stir 
ring at 20° was continued for three hours. After re- 
moval of acetonitrile and addition of 100 ml. of 
water, 26.6 Gm. of product separated which after 
drying and recrystallization from benzene gave 19 
Gm. (58°), m. p. 113-116° 

Anal.—Caled. for C;Hi,Ns: C, 50.9; H, 6.7; N, 
42.4. Found: C, 51.1; H, 6.8; N, 42.3. 

The picrate prepared from a methanol solution 
with aqueous picric acid melted at 187-189° (meth- 
anol) 

N-Methallylaminoformoguanamine.—\ mixture 
of 18.7 Gm. (0.17 mole) of methallylamine hydro- 
chloride and 12.3 Gm. (0.17 mole) of dicyandi- 
amide was fused over a two-hour period in an oil 
bath maintained at 150-180°. The cooled fusion 
product was dissolved in a solution of 4.6 Gm. (0.2 
mole) of sodium in 140 ml. of methanol. Ethyl 
formate (15 ml.) was added to the cooled solution 
and the reaction mixture maintained at 20° for 
seventy-two hours. The sodium chloride was re- 
moved and the filtrate evaporated. The solid resi- 
due was extracted with three 250-ml. portions of hot 
benzene. The combined benzene extracts on stand- 
ing gave 9.9 Gm. (35°), m. p. 1382-134°. 

Anal.—Caled. for C;HyNs: C, 50.9; H, 6.7. 
Found: C, 51.3: H, 6.8. 


2-Amino- N -4-(3'-acetoxymercuri-2’-methoxy- 
propyl )jamino-s-triazine (Compound 4).—-To a solu- 
tion of 9.0 Gm. (0.06 mole) of N-allvlformoguana- 
mine dissolved in 90 ml. of methanol was added a 
hot solution of 16.8 Gm. (0.053 mole) of mercuric 
acetate in 3 ml. of glacial acetic acid and 42 ml. of 
methanol. The reaction mixture was stirred under 
reflux for twenty hours and cooled. The volatiles 
were removed in vacuo, the product separated, tritu- 
rated with acetone, and dried over phosphorus pen- 
toxide. There was obtained 15.0 Gm. (57°). 


2-Amino-N-4-(3'- [7-theophylline| mercuri-2’- 
methoxypropyl jamino-s-iriazine (Compound 5). 
Three grams (0.0068 mole) of compound 4 was added 
portionwise to a suspension of 1.28 Gm. (0.007 mole) 
of anhydrous theophylline in 25 ml. of water. As 
the compound is formed, complete solution is ef- 
fected. The reaction mixture was filtered to remove 
traces of insoluble material. Removal of filtrate 
water in vacuo yielded a residue of the product which 
was slurried with acetone, separated and dried over 


phosphorus pentoxide and weighed 3.25 Gm. 
(84°). One gram of compound 5 dissolves in less 
than | ml. of water 

2-Amino- N-4-(3'- |3-(8-methylcarbonylsalicyl- 
amido )|mercuri-2 '- methoxypropyl jamino- s- triazine 
(Compound 7).--Three grams (0.0068 mole) of 
compound 4 was added portionwise to a suspension 
of 1.27 Gm. (0.0072 mole) of 8-methylearbonylsali- 
evlamide in 75 ml. of water and 30 ml. of ethanol 
with warming to 60°. The reaction mixture was 
filtered to remove traces of insoluble material and 
the filtrate concentrated to a thick syrup in vacuo 
After trituration with acetone and drying over phos 
phorus pentoxide, 2.9 Gm. (74°,) of product was 
obtained. 

2-Amino- N -4-(3'-hydroxymercuri- 2 '- methoxy - 
propyl )amino-s-triazine (Compound 23). The r 
action mixture was set up as for the preparation de 
scribed under compound 4. The methanol solution 
of the formed compound 4 was treated with cooling 
and stirring with a solution of 6.5 Gm. of sodium hy 
droxide in 40 ml. of methanol. The copious white 
precipitate was filtered and dried, 22.9 Gm. (95° 7), 
m. p. 170° (dee.). The product could not be re- 
crystallized nor obtained analytically pure but was 
used directly for preparation of the compounds 9 
and 10. 

Anal.—Caled. for C, 21.0; H, 
3.2. Found: C, 22.2; H, 3.0 

2-Amino- N -4-(3'-ascorbylmercuri-2‘'- methoxy- 
propyl)amino-s-triazine (Compound 9).-To a 
gummy suspension of 6.4 Gm. (0.016 mole) of com- 
pound 23 in 20 ml. of water there was added por- 
tionwise 3.17 Gm. (0.018 mole) of Lascorbic acid 
After one hour, the solution obtained was treated 
with carbon, filtered, and the water removed in 
vacuo. The light yellow solid was dried over phos- 
phorus pentoxide, triturated with acetone, and re- 
dried. There was obtained 7.7 Gm. (77°;) of prod- 
uct as a white powder 

pyl)amino-s-triazine potassium fluoride dihydrate 
(Compound 8).—-To a gummy suspension of 6.4 
Gm. (0.016 mole) of Compound 23 in 20 ml. of water 
there was added portionwise 1.4 Gm. (0.018 mole) of 
potassium acid fluoride. After trituration, stirring 
and standing for one hour, the components of the re- 
action mixture were substantially dissolved. Car- 
bon was added and the solution filtered. Evapora- 
tion of the water in vacuo yielded a yellow syrup 
which solidified after drying for fifteen hours over 
phosphorus pentoxide. Upon trituration with ace- 
tone, there was obtained 6.1 Gm. (68°7) of product 
as a light yellow powder 


Tris(3’' - hydroxymercuri - 2’ - methoxypropy] )cy - 
anurate (Compound 24).--A stirred solution of 
20.0 Gm. (0.08 mole) of tri-allyleyanurate in 250 
ml. of methanol was treated portionwise with 76.5 
Gm. (0.24 mole) of mercuric acetate and allowed to 
stand twenty hours. The clear solution was stirred 
and treated with a solution of 9.6 Gm. (0.24 mole) 
of sodium hydroxide in 100 ml. of methanol. The 
formed precipitate (34 Gm.) was separated, and 
concentration of the filtrate to 75 ml. afforded an 
additional 43.5 Gm. of product (total yield, 97.5°7). 
The product melted at 225° (dec.). 

Anal.—Caled. for C, 18.1; H, 
2.7; N,4.2. Found: C, 18.3; H, 2.86; N, 4.6. 
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)cyanu- 
rate (Compound 25 ).— Substitution of ethanol as the 
solvent medium in the reaction described above gave 
40.3 Gm. (51°, ) of product, m. p. 250-280° (dec. ) 

Anal.—Cald. for N,4.1. Found: 
N, 4.0 

pyl jcyanurate (Compound 26)..-To a warmed solu- 
tion of 3.2 Gm. (0.018 mole) of theophylline in 200 
ml. of water was added 6.0 Gm. (0.006 mole) of 
compound 24. The clear solution was allowed to 
stand overnight. The water was removed in vacuo 
and the residue of product dried over phosphorus 
pentoxide weighed 8.0 Gm. (90°7)), m. p. 194-222° 
(dec. ) 

Anal.—Caled. for CysHyHgs;NisOuw: C, 29.2; H, 
3.0; N, 14.2. Found: C, 29.1; H, 3.4; N, 14.4 

Tris( 3’ - {7 -theophylline|mercuri- 2’ - ethoxypro- 
pyl )cyanurate (Compound 27). Processed as indi- 
cated for compound 26 using compound 25 as the 
initial reactant, the product was obtained in 84°; 
vield, m. p. 250° (dec. ) 

Anal.—Caled. for 
Found: N, 13.8 

Compound 26 was evaluated (intraperitoneal) in 
rats following the method of Lipschitz (29). Twelve 
rats were used in each group and dosage levels em- 
ployed were compound 26, 12 mg./Kg. (Groups I 
and II); mercurophylline, 12 mg./Kg. (Group III); 
and urea, 1,500 mg./Kg. (Group IV). The results 
are summarized in Table II. 


CygHs, N, 13.8 


Tas_e Il.—Diwretic Factor* Hours 
Hours 
Group 1 2 3 
I’ 5.10 2.14 1.43 
II’ 7.40 1.85 1.60 
111° 1.93 1.33 1.12 
IV 1.47 1.44 1.44 


' Diuretic factor = Urine collected in test group, Urine 
collected in control group 

+ Level of mercury in mg. Kg 
used land 11, 4.9; 47 


corresponding to dosage 


SUMMARY 


1. The diuretic response in dogs, upon intra- 
venous injection of a variety of newly synthesized 
mercurated amino-triazines, has been assessed in 
terms of relation of structure to activity. 

2. Structural features in I associated with the 
maximal diuretic response are Y = methyl, R; 
= hydrogen, Rs = hydrogen and X = theophyl- 
line, chloride, carbonylsalicylamide, or S8-methyl- 
carbonylsalicvlamide 

3. Synthesis of the required intermediates for 


ultimate mercuration, such as 2-allylamino-4 
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amino-s-triazine, 2-amino-4-methallylamino-s-tri- 
azine, and 2-allylamino-4-amino-6-methyl-s-tri- 
azine is described. 

4. An additional series of mercurial diuretics 
prepared by mercuration of tri-allyleyanurate is 
described. 
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Investigation and Development of 
Protective Ointments I." 


Development of a Method for Measuring Permeation 
of Mechanical Barriers 


By L. M. LUECK,? D. E. WURSTER, T. HIGUCHI, A. P. LEMBERGER, 
and L. W. BUSSE 


A semiquantitative method has been de- 
veloped for measuring permeation of semi- 
solid materials by true diffusion. Adherence 
to theory has been demonstrated using 
aniline, nitrobenzene, and isovaleric acid as 
penetrants and white petrolatum and Jelene' 
as barriers. Application of this technique to 
the study of penetration of protective films by 
noxious chemicals gives an index to pro- 
tective capacity. 


by TACT SKIN serves as a highly efficient device in 

protecting underlying body tissues. How- 
ever, certain chemical and physical agents have 
the ability to penetrate through this protective 
covering (1-4) and produce either local or sys- 
For 
this reason man has made continual efforts to 
fabricate pharmaceutical preparations designed to 
augment and reinforce the protective properties 
of the skin. In the usual case these preparations 
take the form of ointments. 
study is to investigate these pharmaceutical forms 
in an effort to obtain information on how they 
function, thus making possible the formulation of 


temic manifestations of their toxicity (5-8). 


The purpose of this 


better protective preparations. 

Although formulation of protective creams has 
often been based principally upon empirical 
methods, some attempts have been made to test 
the ability of the ointment to fulfill its purpose. 
This testing has involved both tn vivo and in vitro 
types of experimentation 

Sulzberger has done considerable work employ 
ing in vivo testing procedures, particularly in 
evaluating the relative protective and decontami 
nating properties of various BAL ointments (9). 
In vivo testing procedures have also been used 
with some success in evaluating flash burn pre- 
ventive creams (10). 
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More work has been done in evaluating protec- 
tive ointments where in vitro methods of testing 
could be adapted. Schwartz, Mason, and Albrit- 
ton (11) developed a technique to measure the 
permeability of protective ointments in which an 
ointment film was prepared between sheets of 
filter paper and the time required for various 
penetrants to pass through the film was deter- 
mined by pH indicating chemicals. Eisner (12) 
employed the same technique but modified it by 
using sea sand and kaolin as support material in 
Neither of 
these studies attempted to investigate the diffu- 


the barrier to accommodate liquids. 


sional pattern followed in the permeation proc- 
ess. 

In the present study a technique has been de- 
veloped for measuring the diffusion of chemical 
agents through a protective barrier. 


THEORETICAL CONSIDERATIONS 


The penetration of an ointment film such as is 
applied to the skin when using protective ointments 
occurs in two phases. Initially, the penetrating 
agent partitions between its carrying medium, be it 
solid, liquid, or gas, and the exposed surface layer 
of the ointment barrier. This is followed by the 
second phase of penetration, the diffusion of the 
penetrating agent through the ointment film. 

The second phase of permeation may be further 
subdivided into two stages. The first stage is the 
establishment of a uniform concentration gradient 
of penetrant across the barrier, and the second is 
the constant, uniform diffusion of penetrant through 
the barrier after the uniform concentration gradient 
has been established. This second stage is known 
as steady-state diffusion. 

According to Fick's first law of diffusion, which 
describes steady-state diffusion, 


QV= 


where Q is the flux or amount of material crossing a 
plane of unit area per unit time, dc/dx is the concen- 
tration gradient and D is the diffusion coefficient. 
Since the steady state is difficult to achieve ex- 
perimentally, the concept of quasi-steady state has 
arisen. This concept allows treatment of those cases 
which nearly meet steady state requirements, that 
is, situations where the concentration gradient 


— D(dc/dx) (Eq. 1) 


604 


November 1957 


changes only slightly with time. Where this change 
is small enough, the assumption of a constant con- 
centration gradient does not give rise to serious 
error. 

Quasi-steady state diffusion can be applied to the 
situation wherein two well-stirred liquids, either or 
both containing a solute, are separated by an oint- 
ment barrier permeable only to the solute. If A 


is the cross-sectional area and L the depth of the 
barrier, the flux is given by 


Q = AD(C,’ — C,’)/L (Eq. 2) 
where C,’ and C)’ are the concentrations of the solute 
in the respective surfaces of the barrier, Cy’ being the 
concentration on the side from which solute flows, 
after a quasi-steady state is established. If Cy is 
the concentration of solute in solution on side a, 
Cp the concentration on side 6, and Vg and V» are the 
volumes of the solutions on the respective sides of 
the barrier, it follows that 


—V.dC,/dt = 
AD(C,’ — Cy')/L 


Q = VidC,/dt = 
(Eq. 3) 


The distribution coefficient, (DC), of the solute 
between the solvent and barrier is given by 

DC = C,'/C. = 
so that on substituting into Eq. 3 the equation be- 
comes 


dC,/dt = AD(DC) (Ca — G)/ Vel (Eq. 4) 


If T is the total amount of solute in the system and 
the amount in the barrier initially is assumed to be 
negligible 


T = + 
so that 
Ca = (T — CoVo)/Va 
On substitution into Eq. 4 the expression becomes 


dC,/dt = AD(DC)/ViL X 
[T/Va — Co( Ve + Va)/Val (Eq. 5) 
In the special case where Vg = 
Cp = O this equation reduces to 


dC,/dt = AD(DC) [T/V — 2C,]/VL 


Vp and initially 


(Eq. 6) 


In this case 7/V = initial concentration of solute 
on side A = Co. If the term AD(DC)/VL is ex- 
pressed as a constant, A, on integration the equation 
becomes 


log (C, — 2C,) = (—2K/2.303)t + log C, (Eq. 7) 


provided D can be assumed constant over the con- 
centration range employed. 

Equation 7 is a convenient form for describing the 
diffusional process under quasi-steady state con- 
ditions. By determining Co, Cs, and ¢ experimen- 
tally and plotting log (Co — 2Cs) asa function of ¢, 
a straight line is obtained, the slope of which is equal 
to —2K/2.303. In the case of penetration of pro- 
tective films, K may be regarded as a permeability 
constant and serves to indicate the rate at which a 
penetrant material passes through the barrier after 
a uniform concentration gradient has been estab- 
lished. 
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EXPERIMENTAL 


Apparatus.—The apparatus employed to test the 
resistance of an ointment to a given agent is shown 
in Fig. 1. A similar assembly using a polyethylene 
mounting was also employed but it was found that 


Glass cham- 
Bronze washer. 


Fig. 1. 
ber, 2 


Barrier cell apparatus. 1 
Aluminum mounting, 3 


certain agents such as nitrobenzene were capable of 
partitioning into the polyethylene, thus giving rise 
to error in the determination. 

Procedure.—-To prepare the ointment barrier, a 
thin layer of stopcock grease was spread on the 
bronze washer, a silk disk was placed in position over 
the hole on one side of the bronze washer and the 
cavity in the bronze washer was filled with ointment. 
A second silk disk was then placed over the ointment 
and the excess ointment forced out by slowly rolling 
a 30-pound steel cylinder over this part of the as- 
sembly. The barrier thus prepared was placed in 
the barrier cell mounting and secured with four 
bolts. The glass chambers were then fitted to the 
mounting. Ali joints were sealed with a_ thin 
layer of stopcock grease. 

Exactly 40 or 50 ml. of a solution containing the 
penetrant substance was introduced into one chamber 
with the simultaneous addition of an equal vol- 
ume of solvent into the other chamber. The assembly 
was then placed in a constant temperature bath at 
22°, the ground glass stoppers positioned, and the 
entire apparatus subjected to a mild, continuous 
shaking. At appropriate time intervals, 0.5- or 
1.0-ml. samples were withdrawn from each chamber 
and analyzed for content of penetrating agent. 

The penetrant substances and solvent systems em- 
ployed were aniline in water containing 1% sodium 
sulfite as antioxidant, nitrobenzene in 51.4% w/w 
ethanol, and isovaleric acid in 0.001 M aqueous 
sulfuric acid. Barrier materials were white petro- 
latum and Jelene. 
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RESULTS AND DISCUSSION 


The technique employed in this study was de 
vised to measure the penetration of ointment bar- 
riers by true diffusion, thus it was necessary to estab- 
lish that the procedure followed for preparing the 
barriers led to the formation of a continuous film of 
ointment. For this reason a number of barriers 
were prepared and subjected to a pressure differ- 
ential of 8 mm. Hg. It was found that the barriers 
prepared as described were capable of maintaining 
this pressure differential for a minimum of eight 
hours. A second test for continuity consisted of 
exposing a number of barriers to 0.5 N hydrochloric 
acid solution in the barrier cell apparatus. After 
twenty-two hours it was impossible to detect hydro- 
chloric acid in the opposite chamber of the apparatus 


thus indicating that the barriers prepared as de- 


scribed above were continuous 

Sample plots for the penetration of barriers com- 
posed of Jelene and white petrolatum by aniline and 
nitrobenzene are shown in Fig. 2. In these plots 


E 

E 


2c 


40 


Time ( hours ) 


Fig. 2.--Sample plots for penetration of Jelene 
and white petrolatum barriers by aniline and nitro 
benzene: A-white petrolaatum-aniline, O—Jelene- 
aniline, @ —Jelene-nitrobenzene, white petrola- 
tum-nitrobenzene 


log (Co —2Cp) has been plotted as a function of the 
time of sampling. From the slopes of these and 
similar plots, K values have been calculated for the 
penetration of these barriers by these agents and are 
listed in Tables I and II 

Both of these penetrating agents serve as ex- 
amples for the penetration of an ointment film by 
monomolecular diffusion. As is expected from the 
equation describing this situation, the permeation 
constant is shown to be essentially independent of 
the initial concentration of penetrant material in 
the solvent employed. It is also of interest to note 
that with both penetrating agents the permeability 
constant was slightly greater for the Jelene barrier 
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b ( mg/mi) 


2c 


° 


150 


Time ( hours ) 


Fig. 3.—Sample plots for penetration of Jelene 
barrier by isovaleric acid. O-—Cy = 44.7 mg./ml., 
= 36.7 mg./ml., ®—Cy = 28.1 mg./ml., 
oe Co = 18.2 mg./ml., @—Cy = 10.9 mg./ml. 


TABLE I.—DATA FOR PENETRATION OF JELENE 
AND WHITE PkeTROLATUM BARRIERS BY ANILINE 


Jelene 

Ceo (mg/ml) K 10° 
17.36 2.5 
17.36 
3.89 
3.89 
3.89 
03 
038 
03 
92 
92 


White Petrolatum 
Co (mg./ml.) K 108 

17.27 
17.27 
8.23 
2 
23 
2.20 
2.20 
7.00 


~ 


bo to bo bo bobo bot 


TABLE Il 
AND WHITE 


DATA FOR PENETRATION OF JELENE 
PETROLATUM BARRIERS BY NITRO- 
BENZENE 


Jelene 


White Petrolatum 
K 


Co (mg./ml.) K 108 
2.94 

O4 

11 

11 


_ 


bo 


te 


than for the white petrolatum barrier. Since 
Jelene consists of mineral oil gelled with polyethyl- 
ene, molecular diffusion through this medium 
may be considered essentially the same as through 
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23 
12 
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Jelene 
Co (mg./ml.) K X 10+ 
10.89 
10.89 
10 
18 
18 
18 


Go Go Go 


“Ibo Go Go 


2C, ( mg/ml) 


Cc 


100 150 
Time ( hours ) 


Fig. 4.—Sample plots for penetration of white 
petrolatum barrier by isovaleric acid. ©—Cy = 
33.3 mg./ml., ®@—Cy = 30.3 mg./ml., O—Cy = 
22.9 mg./ml., @-—Co = 18.0 mg./ml., @—Cy = 
11.0 mg./ml., O—Cy = 19.1 mg./ml. 


mineral oil. According to the Stokes-Einstein equa- 
tion, the diffusion coefficient varies inversely with 
the viscosity, thus it follows that the penetration 
of the Jelene barrier should occur more readily. 
Similar sample plots to the above have been made 
for the penetration of Jelene and white petrolatum 


White Petrolatum 
Co (mg./ml.) K 


ZX 105 


be 
w 


~ 


wow 


botobotet 


~ 


| 


> 


Fig. 5.—Relationship between initial concentra- 
tion and permeability constant for dimeric diffu- 
sion. @—white petrolatum barrier, O—Jelene bar- 
rier. 


barriers by isovaleric acid. These plots are shown 
in Figs. 3 and 4, and the K values for all experi- 
mental data are given in Table III. 

The solvent for isovaleric acid was 0.001 M sul- 
furic acid. In this solvent the isovaleric acid 
existed in the monomeric form, but in the nonpolar 
ointment barrier it was expected to dimerize thus 
serving as an example of diffusion by a dimer. 

In such a case the distribution coefficient = 
(Ca’/ Ce?) so that the equation 


dC,/dt = K(C,? — C,?) (Eq. 8) 
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is used to describe bimolecular diffusion. Following 
a derivation scheme similar to that for unimolecular 
diffusion, the equation 


log (C, — 2C,) = —2ZC,/2.303 t + log C, (Eq. 9) 


can be derived where Z is a coefficient of perme- 
ability for this particular case. Comparison of this 
equation with Eq. 7 shows that 


Z= K/C, (Eq. 10) 


Calculated values for Z are listed in Table III 
In Fig. 5 the expected linear relationship between 
Co and K is seen to hold for the penetration of both 
Jelene and white petrolatum 

These results strongly support the conclusion that 
the method outlined is satisfactory for studying the 
diffusion of penetrating agents through semisolids. 
Further, the results obtained with nitrobenzene are 
not conclusive as to whether diffusion occurs through 
pinholes or across the continuous medium under 
the described experimental conditions. However, 
the linear relationship between Co and K for iso- 
valeric acid penetration lends evidence for the con- 
clusion that the latter is the case in these studies. 


SUMMARY 


A method for measuring permeation by true 
diffusion has been developed which gives rise 
to semiquantitative results. The method is 
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relatively simple and can be modified easily to 
accommodate the study of a wide variety of ma- 
terials. 

By applying this technique to the evaluation 
of protective barriers, the protective capacity of a 
given ointment material can be represented in 
terms of a permeability constant. Comparison 
of the permeability constants obtained for var- 
ious barrier materials makes it possible to classify 
these materials according to their relative pro- 
tective capacities. 

The data obtained by this technique have been 
evaluated and shown to follow the theoretical 
predictions. 
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Investigation and Development of 
Protective Ointments II." 


Influence of Partition Coefficient and Thickness 


By L. M. LUECK, D. E. WURSTER, T. HIGUCHI, K. F. FINGER, A. P. LEMBERGER, 
and L. W. BUSSE 


A method suitable for measuring the permeation of continuous ointment films by 
diffusional processes when the penetrating agent is in solution in a liquid contacting 
the film has been modified to allow the study of penetration by substances in the 
vapor state. It has been shown that in both liquid-contact and gaseous penetration, 
the permeation constant is related directly with the distribution coefficient and 
inversely with the thickness of the film. These findings confirm the validity of the 
method as a means of studying the penetration of ointment films by true diffusion and 
indicate that the selection of a semisolid protective material for a given penetrating 
agent should be guided primarily by the relative solubility of the penetrating agent 
in this substance. 


| A PREVIOUS INVESTIGATION (1) a technique 
for determining the ability of an ointment ma- 
terial to resist penetration by diffusion was de- 
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scribed. In the present study this technique has 
been employed to make possible a careful evalua- 
tion of several factors which are of importance in 
determining protective capacity. Further, since 


vapors are often penetrating “srms, a technique 
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for following penetration of vapors was de- 
veloped. 


EXPERIMENTAL 


Apparatus.._The apparatus employed in these 
studies has been described in a previous paper (1). 

Procedure.—In addition to liquid-contact pene- 
tration studies which have been described previously 
(1), vapor phase penetration was also studied in this 
investigation. For this case, a volatile penetrant 
was selected as a model and its penetration from 
solutions in nonvolatile solvents was studied 
The mechanism of penetration was identical with 
that for liquid-contact type of penetration except 
for an initial delay period during which the pene- 
trant in solution equilibrated with its vapor. The 
penetrating agent then transferred to the barrier as 
a vapor. 

In the procedure employed, exactly 1.0 or 1.5 ml. 
of a solution containing a known concentration of 
penetrating agent in a nonvolatile solvent was 
pipetted into one of the chambers of the barrier cell 
apparatus, In the same manner 1.0 or 1.5 ml. of 
solvent was placed in the opposite chamber. The 
assembly was stoppered and placed in a 25° con- 
stant-temperature bath where it was subjected to 
mild, continuous shaking. At periodic intervals 
approximately 0.1-Gm. samples were withdrawn! 
from each of the chambers and accurately weighed. 
The amount of penetrant in each sample was deter- 
mined spectrophotometrically using ethanol as the 
solvent. 

The distribution coefficients for the partitioning of 
nitrobenzene between white petrolatum and the 
various ethanol solutions were determined by a 
direct contact method. A modification of the 
countercurrent extraction scheme of Craig and 
Craig (2) was employed wherein nitrobenzene was 
first partitioned into the white petrolatum and 
then allowed to redistribute between the white 
petrolatum and fresh solvent. At equilibrium the 
nitrobenzene content of the solvent was determined 
in both cases. Since the same volume of hydro- 
alcoholic solution was used in both equilibrations, 
the distribution coefficient (DC) was calculated 
from the ratio of the nitrobenzene concentrations 
according to the equation 


DC = 1/r(R — 1) 


where r = the ratio of the volumes of the white 
petrolatum and hydroalcoholic media, and R = the 
ratio of nitrobenzene concentrations in the hydro- 
alcoholic media after the first and second equilibra- 
tions. 

Distribution coefficients for nitrobenzene be- 
tween nonvolatile liquids and semisolids were deter- 
mined by means of an isopiestic procedure. In 
this way it was possible to determine the distribution 
coefficient between both miscible and immiscible 
materials. 

Distribution coefficients determined by either of 
the above methods were felt to be satisfactory for 
the purpose of this work. 


‘In evaluating the experimental data a correction factor 
was applied to account for the change in volume due to re- 
moval of sample. 
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RESULTS AND DISCUSSION 


Nitrobenzene was selected as the model penetrat- 
ing agent because it possessed the desired volatility 
and solubility acquirements. Barrier materials 
selected were white petrolatum, Jelene,? Kel F 
150,* combinations of cerese yellow wax with heavy 
liquid petrolatum and polyethylene glycol 400 mono- 
stearate. Solvents employed for the nitrobenzene 
were m-amyl sebacate, heavy liquid petrolatum, 
and silicone DC 200 fluid, 1,000 c. p. s.4 For 
liquid-contact penetration studies solutions of etha- 
nol in water at various concentrations were em- 
ployed as solvents for the nitrobenzene. 

Permeability constants for the penetration of 
barrier materials by vapor phase penetration were 
determined by graphic solution of the equation 


log (C, — 2Cg) = (—2K/2.303)t + log C, (Eq. 1) 


where C, is the initial concentration of penetrant in 
the solvent on the side of origin, Cg is the concen- 
tration of penetrant in the receiving chamber, ¢ is 
the time of sampling, and K is the permeability 
constant. The relationship between the _per- 
meability constant and the cross-sectional area of 
the barrier A, the diffusion coefficient D, the dis- 
tribution coefficient DC, the volume of solution on 
each side of the barrier V, and the thickness of the 
barrier L is given by the equation 

K = AD(DC)/VL (Eq. 2) 

In Table I the permeability constants obtained 
for the penetration of various barriers by nitro- 
benzene vapor are listed along with the solvent em- 
ployed and the thickness of the ointment film for 
each determination. The distribution coefficient 
also given in the table is defined as the ratio of the 
concentration of the nitrobenzene in the surface 
layer of the ointment film to its concentration in the 
solvent employed. Similar data for the liquid- 
contact permeation of white petrolatum by nitro- 
benzene from various ethanol-water solutions are 
also given in this table. 

In Fig. 1 the relationship between the permeability 
constant and the distribution coefficient for nitro- 
benzene vapor penetration of white petrolatum 
barriers is shown graphically. Similar data for 
liquid-contact permeation studies are plotted in 
Fig. 2. As expected from the relationship shown by 
Eq. 2, K is seen to vary directly with the distribu- 
tion coefficient. 

The significance of this relationship is that the 
optimum base to be selected for a protective oint- 
ment is one in which the penetrating agent is poorly 
soluble. In such a situation the concentration 
gradient of penetrant in the barrier, which is the 
driving force for the diffusion of this agent across 
the barrier, is minimal since the partition coefficient 
of the penetrating agent would not favor the barrier 
material. 

This is borne out by the findings for the pene- 
tration of the fluorocarbon polymer film where K 
is found to be approximately one-tenth that for the 
penetration of Jelewe. Due to the nature of the 
fluorocarbou polymers nitrobenzene is poorly soluble 
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TABLE I" 
Distribution Thickne Permeability 
Barrier Material Solvent Coefficient (em.) wtant X 10 

White petrolatum n-amyl sebecate 0.21 0.3218 1.0 
White petrolatum n-amyl! sebecate 0.21 0.2504 1.2 
White petrolatum n-amyl sebecate 0.21 0.1798 ee! 
White petrolatum n-amyl sebecate 0.21 0.1245 2.4 
White petrolatum n-amyl sebecate 0.21 0.0833 3.1 
White petrolatum n-amy! sebecate 0.21 0.0434 5.2 
Jelene n-amyl sebecate 0.0434 7.3 
Kel F 150 n-amyl sebecate 0.06 0.0434 0.7 
Cerese vellow wax, 20% 
Heavy liquid petré datum, 80% n-amyl sebecate 0.0434 4.4 
Cerese yellow wax, 40% 
Heavy liquid petr datum, 60% n-amyl! sebecate 0.0434 3.5 
Polyethylene glycol 

400 monostearate n-amyl sebecate 0.0434 3.6 
White petrolatum silicone DC 200 Fluid, 1,000 

c. p.s. 1.8 0.0434 35.3 

White petrolatum heavy liquid petrolatum 1.0 0.0434 16.5 
White petrolatum ethanol-water 51.4% w/w 1.3 0.0434 4.5 
White petrolatum ethanol-water 33.1% w/w 4.9 0.0434 16.5 
White petrolatum ethanol-water 16.1% w/w 15.2 0.0434 62.5 
White petrolatum ethanol-water 40% w/w 30.2 0.0434 100 


@ The data given in the table represent the average of a minimum of two, and usually three to five determinations. 


30 a 
=) 

10} 

1,0 1.5 2.0 
D.C. 


Fig. 1.--Relationship between the permeability 
constant and the distribution coefficient (vapor 
phase permeation ). 


in it, thus we find that the distribution coefficient for 
nitrobenzene between Kel F 150 and n-amyl sebacate 
is 0.06 

It is interesting to note the effect of the addition 
of cerese yellow wax to heavy liquid petrolatum on 
the permeability constant. It may be that the 
observed decrease in the permeability constant is 
due to crystallization of the wax in the heavy liquid 
petrolatum. If this were to occur, the nitrobenzene 
molecules which partition into the wax would be 
expected to show a much lower rate of diffusion 
than those molecules passing through the liquid 
petrolatum portion of the mixture. If the par- 
tition favored the wax, a significant decrease in 
the rate of permeation could be expected. 

According to Eq. 2 the permeability constant may 
also be expected to be an inverse function of the 
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Fig. 2.—-Relationship between the permeability 
constant and the distribution coefficient (liquid- 
contact permeation ). 


thickness of the ointment film through which the 
penetrating agent must diffuse. Before this can be 
evaluated, however, it is necessary to determine 
the influence of the apparatus and related phe- 
nomena on the experimentally determined perme- 
ability constants. This is accomplished by plotting 
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Fig. 3.—Determination of correction factor for the x 104 
apparatus and related phenomena. 
Fig. 4.—-Inverse relationship between the perme- 


the reciprocal of the permeability constant as a 
function of barrier thickness. This plot is shown in 
Fig. 3. Extrapolation of the plot to the y-axis 
gives an intercept of —0.018 cm. Thus the hold-up 
of the apparatus and related phenomena in the 
process is equivalent to a white petrolatum barrier 
0.018 em. thick. 

Using this correction, the relationship between 
K and L predicated by Eq. 2 can be expressed 
graphically as shown in Fig. 4 

It is evident from the plot that satisfactory linear 
agreement exists between the permeability rate 
and inverse of the barrier thickness. Moreover the 
line passes definitely through the origin, as expected. 

The present findings constitute further proof of 
the validity of the experimental procedures pro- 
posed for determining permeability of protective 
films to both liquid and vaporous penetrants. The 
theoretical relationship among such several factors as 
partition coefficients, diffusion rate, barrier thick- 
ness, etc., appear to be well maintained, provided 
suitable corrections are introduced to provide for 
deviations introduced by the barrier supports and 
other partial obstacles to free diffusion. 

A practical significance can be attached to this 
relationship with regard to the use of protective 
ointments. When a penetrating agent is able to 
traverse the cells of the stratum corneum only 
slowly, the protection afforded by a_ protective 
ointment will be related to the depth to which the 
ointment fills the cracks and pores in the cornified 
layer of the skin. Thus, in such a case the protec- 
tive cream should be formulated so that among 


ability constant and barrier thickness. 


other factors its viscosity and flow properties allow 
maximum depth of penetration of the stratum 
corneum by the protective base. 


SUMMARY 


A method has been described for studying the 
permeation of protective ointment films by pene- 
trating Relation- 
ships established follow theoretical predictions. 


agents in the vapor state. 

It has been shown that the permeability con 
stant for the penetration of an ointment film is 
related to the partition coefficient in a linear 
fashion. Thus maximum protection against a 
given penetrating agent would be afforded by an 
ointment film in which the penetrating agent is 
pot rly soluble. 

It has also been verified that the thickness of an 
ointment film bears an inverse relationship to the 
permeation constant. 

The procedures employed in this study may be 
adapted to the study of protective ointments for 
a wide variety of chemical penetrating agents. 
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Notes 


A Note on the Psychomotor Effects of Diphenhydramine 
Hydrochloride and Dimenhydrinate* 


By RICHARD G. PEARSON? 


Atmovcn SEVERAL motion-sickness preven- 

tives have been found to give satisfactory 
protection without immoderate subjective com- 
tlaints, the effects of these preparations have 
mt been evaluated over a wide range of human 
abilities. As part of a broad program concerned 
with the effects of drugs upon psychological 
processes (1, 2), the present study was instigated 
to determine the effects of two of the more popu- 
lar motion-sickness preventives upon perceptual- 
motor skill. 


METHOD 


A total of 48 volunteer basic Air Force trainees 
served as subjects. The tracking task was provided 
by the USAF SAM Multidimensional Pursuit Test, 
Model CM 813E (3). This task requires subjects 
to monitor the apparently random movements of 
four instrument pointers from their null positions, 
and to compensate accordingly by coordinated ad- 
justments of throttle, stick, and rudder controls. 
When all four pointers are centered concurrently, a 
timer cumulates a subject's proficiency score. Task 
trials are one minute in length, separated by rest 
periods of fifteen seconds 

The drug preparations consisted of diphenhydra- 
mine hydrochloride (50 mg. Benadryl®), dimen- 
hydrinate (100 mg. Dramamine®), and placebo 
(lactose), and were administered orally in No. 1 
pink capsules 

The procedure can be divided appropriately into 
three parts: (a) practice on the task for 40 trials in 
order for subjects to establish a substantial level of 
skill; (6) a ten-minute rest interval during which the 
drug capsule was administered and appropriate 
motivational instructions were presented; and (c) 
post-treatment task performance of four hours. 
During both pre-treatment and post-treatment pe- 
riods the subject's performance for each cycle of 
work (eight trials) was recorded. A randomized 
schedule was followed with two subjects being tested 
per day until each treatment group contained 16 
subjects 


RESULTS 


To determine the effects of the pharmacologic 
treatments on terminal performance, the average 


* Received April 11, 1957, from the School of Aviation 
Medicine, USAF, Randolph Air Force Base, Tex 

t Present address: Department of Psychology, Carnegie 
Institute of Technology, Pittsburgh 13, Pa 


proficiency levels attained for the final five cycles 
of practice were analyzed by the method of covari- 
ance using as the independent variable the mean 
performance of the last three pre-treatment cycles. 
The results shown in Table I indicate that significant 


TasLe I.—-ANALYSIS OF VARIANCE OF TERMINAL 


PERFORMANCE 


Mean 
Square 
14082. 96 
3917.22 


Variance df 
Drugs 2 
Error 44° 
Total 46 


* Reduced | df for regression. 


differences were produced by the experimental treat- 
ments. Further analysis by means of t-tests per- 
formed on the adjusted treatment means reveals 
both diphenhydramine hydrochloride (mean = 85) 
and dimenhydrinate (mean = 94) groups to be 
significantly inferior to the placebo group (mean = 
141), during terminal performance; at the same 
time the two experimental groups are not signifi- 
cantly different from one another. The picture 
becomes clearer when one refers to Fig. 1 which 
plots the average course of performance throughout 


IN UNITS OF .O! MINUTE 


SCORE 


3 9 5 5 9 

CYCLES OF WORK (6 CYCLES =! HOUR) 

Effects of pharmacologic treatments upon 
task proficiency 


Fig. 1. 


the post-treatment period. The deleterious effect 
upon performance of both diphenhydramine hydro- 
chloride and dimenhydrinate is well established 
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early in the post-test, and this effect becomes more 
pronounced throughout the task. Of additional 
interest is the indistinguishability of these two 
curves as they parallel each other in their downward 
course. However, it might be expected that the 
action of diphenhydramine hydrochloride and di- 
menhydrinate in this case would be similar, since the 
two drugs have a close chemical similarity. The 
latter drug is actually a combination of diphenhy- 
dramine and 8-chlorotheophylline. The chloro- 
theophylline moiety is known to contribute nothing 
to the therapeutic action of dimenhydrinate, and, at 
least as far as the present study is concerned, it 
evidently has no secondary action. Thus in actual- 
ity what has been observed in the present study are 
the effects upon performance of two almost equal 
doses of diphenhydramine 
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It is to be concluded that, relative to competitive 
preparations, the effects of diphenhydramine hydro- 
chloride and dimenhydrinate in this study are such 
that one could hardly recommend them for motion- 
sickness prophylaxis in situations wherein percep- 
tual-motor skill is required of the individual. There 
are, of course, other characteristics of drugs which 
one may wish to consider in any final evaluation. 
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A Note on the In Vitro Inhibition of Endamoeba histolytica by 
Diazobarbituric Anhydtide* 


By MITSURU NAKAMURA 


URING THE STUDIES on the effect of antimetabo- 

lites on the growth of Endamoeba histolytica, 
diazobarbituric anhydride! was found to be a potent 
inhibitor of growth of this protozoan. This com- 
pound 
pyrimidine] was of particular interest since Naka- 
mura and Baker (1) reported that E. histolytica 
requires purines and pyrimidines for growth in the 
absence of associated bacteria. 


EXPERIMENTAL 


The assay of the amebacidal activity of the com- 
pound was performed according to methods de- 
scribed earlier (2-5). Various concentrations of the 
diazobarbituric anhydride were tested in a medium 
consisting of egg slants overlaid with serum and 
Ringer solution. Adenosinetriphosphate and _ri- 
bose—5—phosphate were added, since they are essen- 
tial growth factors for the amebas. Penicillin and 
streptomycin were also added to kill the bacteria 
that were introduced with the amebic inoculum 
Therefore, the amebacidal end points determined 
in these experiments are due to direct amebacidal 
effects 

Diazaobarbituric anhydride possessed an amebaci- 
dal end point of 1/100,000 (0.001 mg./ml.). This 
agent was amebastatic at concentrations of 1 mg. 


* Received January 25, 1957 from the Department of 
Bacteriology, Montana State University, Missoula 

1 Obtained through the courtesy of Dr. Frederick J. 
DiCarlo, Biochemistry Division, The Fleischmann Labo- 
ratories, Stamford, Conn 


ml. (1/1,000). Reversal of this amebic inhibition 
was possible with adenylic acid (5 wg./ml.), guanylic 
acid (10 ywg./ml.), cytidylic acid (1 wg./ml.), thymi- 
dylic acid (50 wg./ml.), and uridylic acid (100 yg. 
ml.). The inhibitory activity of the diazobarbituric 
anhydride could not be reversed by adenine, guan- 
ine, cytosine, uracil, thymine, adenosine, guano- 
sine, and 4~amino—5—imidazole-carboxamide. 

lt would appear from these studies that diazobar- 
bituric anhydride exerts an antimetabolite effect 
on E. histolytica. These experiments, however, do 
not indicate whether the inhibition is competitive 
or noncompetitive. Since the inhibition was re- 
versed by the nucleotides and not by the free purine 
and pyrimidine bases and nucleosides, it would seem 
that the compound blocks metabolism at a step 
prior to the synthesis of the nucleotides. DiCarlo, 
et al. (6), reported that in the yeast, Torula utilis 
and Succharomyces cerevisiae Hansen, diazobarbi- 
turic anhydride antagonizes the assimilation of 
cytosine, possibly by inhibition of cytosine deami- 
nase 
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A Note on the Volatile Oil from the Roots of Pteryxia terebinthina 
(Hook.) Coult. and Rose Var. Terebinthina* 


By TRACEY G. CALLf and EARL B. FISCHER 


N EXHAUSTIVE SEARCH of the literature has 
failed to reveal any previous chemical studies 
of Pteryxia terebinthina (Hook.) Coult. and Rose var. 
terebinthina, a xerophyte growing in north central 
and eastern Oregon, south and east central Washing- 
ton, and perhaps in adjacent Idaho 
In connection with other studies carried out on 
this species, the volatile oil was isolated and a con- 
densation of these findings is presented here 
The roots were collected in Sherman County, 
Ore., and the identification of herbarium specimens 
was made by Dr. Lincoln Constance of the Univer- 
sity of California at Berkeley, Calif. The roots were 
broken into small pieces and air dried. Several lots 
collected at various seasons and with various mois- 
ture contents were milled to a #20-mesh fineness and 
* Received February 11, 1957 
macy, Montana State University 
of Pharmacy, University of Minnesota, Minneapolis 


t Present address Sunkist Growers, Research 
Corona, Calif 


from the School of Phar 
Missoula, and the College 


Dept., 


steam distilled. The oil yield of most lots ranged 
from 4.41 to 8.32 per cent on an air-dry basis. The 
colorless-to-pale-yellow oils were dried with anhy- 
drous sodium sulfate and the physical constants were 
determined as follows: specific gravity at 25°/25°, 
range U.8181 to 0.8810, mostly about 0.8560; opti- 
cal rotation at 25°, range from +5.4° to +18.2°; 
refractive index at 20°, range 1.4721 to 1.4783, 
mostly about 1.4736 

Most of the samples were soluble in 1.0 to 1 
volumes of 95 per cent alcohol and in 4.0 to 4 
volumes of 90 per cent alcohol. All were insoluble 
in 10 volumes of 85 per cent alcohol 

Fractionation of 165 ml. of oil at a pressure of 3 
to 4 mm. of mercury yielded 130 ml. of oil in the 
39° to 43° range with the following physical con- 
stants: specific gravity at 25°/25°—0).8772; 
optical rotation at 25°-——plus 16.7°; refractive index 
at 20°—1.4727; boiling point at 677 mm. of mer- 
cury—168-170° 
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Book Notices 


New and Nonofficial Remedies 1957. Evaluated by 
the Council on Pharmacy and Chemistry. J. B 
Lippincott Company, 1957. xxv + 582 pp 
12.5x19.5¢em. Price $3.35 
This exceptionally valuable publication of the 

American Medical Association contains descrip- 

tions of drugs evaluated by the Council on Phar- 

macy and Chemistry since the compilation of the 

1956 edition. The new policy of the A. M. A. 

has been reflected in the 1956 and 1957 editions by 

the term ‘‘Evaluated’’ which has replaced ‘‘Ac- 
cepted”’ by the Council and in the shorter period be- 
tween appearance of drugs and their evaluation. 

The N. N. R. monographs continue to be models 

of concise presentation of all the important known 

information relating to new drugs and, when re- 
ported and evaluated, add new information to 
descriptions of drugs retained from earlier editions 


Morphine & Allied Drugs 
Lowett O. RANDALL 
Press, Toronto, Canada, 
15x 23cm. Price $10 
This book attempts, rather successfully, to corre- 

late information on the potent analgesics now avail- 

able. The material is presented under the general 


By A. K. REYNOLDS and 
University of Toronto 
1957. xiii + 393 pp 


topics of morphine, its natural and semisynthetic 
derivatives, and the important new synthetic anal- 
gesics. The text material is divided under the fol- 
lowing headings: Alkaloids of opium, Other papav- 
alkaloids, Synthetic analgesics, Antag- 
onists to analgesics and theories relating chemical 
structure to analgesic activity. A brief summarizing 
chapter concludes the text, and a general index is 
appended. The text stresses physiological actions 
with brief references to the chemistry of the com- 
pounds discussed. A bibliography of 1400 ref- 
erences is given for Parts I and II of the text and 
the other sections have individual bibliographies. 
The chapter on the relation of chemical structure to 
analgesic activity includes useful structural formu- 
las. The book is a monograph that should be avail- 
able in pharmacy and medical libraries to students 
and advanced investigators. 


eraceous 


Expectant Motherhood. 3rd ed., revised. By 
NICHOLSON J. EAsTMAN. Little, Brown & Com- 
pany, Boston, 1957. xiv + 198 pp. 12.5x 19 cm. 
Price $1.75. 

This pocket-size book is intended as a supple- 
mentary guide through pregnancy. The author is a 
Professor of Obstetrics and is Obstetrician-in-Chief 
to the Johns Hopkins Hospital. 
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Aiva Flavors, produced by successful 
specialists in the flavoring of medicinals, 
will effectively overcome most 
palatability problems confronting 
pharmaceutical manufacturers. 


Alva produces both natural and 
artificial flavoring materials in 
conventional liquid form or in an 
hermetically sealed dry powder form 
called “Sealva flavors.” 


Suggestions, technical data and 
flavor samples will be submitted 
at your request. 


lva VAN AMERINGEN-HAEBLER, INC. 
521 WEST 57th STREET, NEW YORK 19, N. Y. 
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Facts you should know about 


KIMAX® and KG-33 “hard glass” 


KIMAX—for durability... KIMAX, 
Kimbie’s new laboratory glassware made 
of tough, hard KG-33 borosilicate glass, 
offers highest standards of thermal and 
mechanical shock resistance . . . has great 
resistance against chemical attack. 


“hard glass” stock... Kimax glassware is 
completely interworkable with your pres- 
ent “hard glass” apparatus because it has 
the same coefficient of expansion. There- 
fore, it will not obsolete your present stock. 


and modify 


using simple 
Glossworking tech- 
niques, KIMAXK 
offers ease of re- 
pairing and modi- = 
fication to suit 
your special re- 
quirements. 
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For full information about Kimble’s new KIMAX 


borosilicate glassware line, write Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, Dept. JA-11, 
Toledo 1, Ohio. 
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